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HIGH FREQUENCY PHENOMENA. 





Introductory—Some Thoughts on the Eye. 
* 


When we look at the world around us, on nature, 
wwe ave impressed with its beauty and grandeur. Each 
thing we perceive, though it may be vanishingly small, 
isin itself a world, that is like the whole of the visible 
universe, matter and force govemed by law—a world, 
the contemplation of which fills us with feelings of 
wonder and inresitilly urges us to. ceaseless thought 
nd inquiry. But in all this vast world, of all objects 
fur senses reveal 10 us, the most marvelaus, the: most 
agpesling to our imagination, appears. no doubt, < 
highly developed organism, a thinking being. If there 
is anything fitted to make us admire nature's handi- 
work, it is certainly this inconceivable structure, which 
performs its innumerable motions in obedience to 
extemal influence. To understand its workings, to 
get a deeper insight into nature's masterpiece, 
has ever bea for thinkers a fascinating aim, and after 
many centuries of arduous research men have arrived 
at a fair understanding of the functions of its organs 
and senses. Again, in gill the perfect harmony of its 
parts, of the parts which constitute the material or 
tangible of our being, of all/its organs and senses, the 
eye is the most wonderful,” “Tt is the most. precious, 
the most indispensable of our receptive or directive 
organs; it fs the great gateway through which’ all 






































knowledge enters the mind, Of all our organs, it is 
the one which is in the most intimate relation with 
that which we call intellect. So intimate is this relation, 
that it is often said that the very soul shows itself in 
the eye. 

Tt can be taken as a fact, which the theory of the 
action of the eye implies, that for each external 
impression, that is, for each image produced upon the 
retina, the ends of the visual nerves, concemed in the 
conveyance of the impression to the mind, must be 
under a peculiar stress or in a vibratory state. It now 
docs not seem improbable that, when by the power of 
thought an image is evoked, a discinct reflex action, 
no matter how weak, is exerted upon certain ends of 

sual nerves, and therefore upon the retina, Will 

ver be within human power to analyze the condition 
1a, when disturbed by thought or reflex 

or other means of 

ensitiveness that a clear idea of its state might 
he gained at any time? If this were possible, then the 
problem of reading one’s thoughts with precision, like 
the characters of an open book, might be much easier 
to solve than many problems belonging to the domain 
of positive physical science, in the solution of which 
many, if not the majority, of scientific men implicitly 
believe, Helmholtz has shown that the fundi of the 
eyes are themselves luminous, and he was able to. see 
in total darkness the movement of his arm by the light 
of his own eyes. This is one of the most remarkable 
experiments recorded in the history of science, and 
probably only a few men could satisfactorily repeat it, 
for it is very likely that the luminosity of the eyes is 
associated with uncommon activity of the brain and 
great imaginative power. It is fluorescence of brain 


























































Another fact having a bearing on this subject, whicl 
has probably been noted by many, since it is stated in 
popular expressions, but which I cannot recollect to 
have found chronicled as a positive result of observation, 
is that at times, when a sudden idea or image presents 
itself to the intellect, there is a distinet and sometimes 
painful sensation of luminosity produced in the eye, 
observable even in broad daylight. 

‘The saying, then, that the soul shows itself in the 
eve, i deeply founded, and we feel that it expresses 
a great truth, It has.a profound meaning even for one 
who, like a poet or artist, only following his inborn 
instinct or love for nature, finds delight in aimless 
thoughts and in the mere contemplation of natural 
phenomena, but a still more profound meaning for one 
who, in the spirit of positive scientific investigation, 
seeks to ascertain the causes of the effects, It is prin= 
Cipally the nacural philosopher, the physicist, for whom 
the eye is the subject of the most intense admiration, 

‘Two facts about the eye must forcibly impress the 
mind of the physicist, notwithstanding he may think or 
say that i is an imperfect optical instrument, forgetting 
that the very conception of that which is perfect, or 
seems 50 to him, has been gained chrough this same 
instrument. Firstly, the eye & as far as our positive 
knowledge gocs, the only organ which is drecity 
affected by that subtile medium which, as science 
teaches us, must fill all space; secondly, it is the most 
sensitive of our organs, incomparably more sensitive 
to external impressions than any other. 

‘The organ of hearing implies the impact of ponderabte 
bodies, the organ of smell the transference of detached 
material particles, and the organs of taste, and of touch 
or force, the direct contact, or at least some interference 
of pondlerable matter: and this is true even in those 


















































instances of animal organi: 
organs are developed to a degree of truly marvelous 
perfection: This being so, it seems wonderful 








the 
organ of sight solely should be capable of being stirred 
by that which all our other organs are powerless to 





etect, which yet plays an essential part in all natural 
phenomena, which transmits all energy and sustains all 
notion and, that most intricate of all, life, but which 
hhas properties such ally trained 
mind cannot help drawing a distinction between it and 
all that is called matter, Considering merely this, and 
the fact that the eye, by iis marvelons power, widens our 
otherwise very narow range of perception far beyond 
the limits of the small world, which is our own, to 
embrace myriads of other worlds, suns and stars in the 
infinite depths of the universe, would make it justifiable 
to assert that it is an organ of a higher order. [ts 
performances are heyond comprehension, Nature, so 
far as we know, never produced anything more 
wonderful, We can get barely a faint idea of its 
prodigious power by analyzing what it does and by 
comparing. When ether waves impinge upon the 
human body, they produce the sensations of warmth or 
cold, pleasure or pain, or perhaps other sensations of 
which we are not awere, and any degree or intensity of 
these sensations ; which degrees are infinite in number, 
hence an infinite number of distinct sensations, But 
our sense of touch, or our sense of force, cannot reveal 
to us these differences in degre: or intensity unless they 
are very great. Now, we ean readily conceive how an 
organism, such as the human in the eternal process of 
evolution, of, mere philosophically speaking, adaptation 
to nature, being constrained to the use of only the sense 
of touch or force, for instance, might develop this sense 
to such a degree of sensitiveness or perfection that it 
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would be capable of distinguishing the minutest differ- 
ences in the temperature of a body even at some 
distance, to a hundredth, or thousindth, or millionth 
pact of a degree, Vet, even this apparently impossible 
performanee would nat begin to compare with that of 
the oye, which is capable of distinguishing and conveying 
to the mind in a single instant inauimerable peculiarities 
of the body. he it in forma or color or other respects. 
“This power of the eye rests upon two things, namely, 
the rectilinear propagation of the disturbance by wl 

‘affected, and upon its sensitiveness. To say that 
the eye is sensitive is not saying anything. Compared 
with it, all other organs are monstrously crude, The 
‘organ of smell which guides a dog on the trail of a deer, 
the organ of touch or force which guides an insect in its 
wanderings, the organ of hearing, which is affected by 
the slightest discurbances of the zir, are sensitive organs, 
to be sure, but what ere they compared with the human 
eye! No doubt it responds to the faintest echocs or 
reverherations of the medium ; no doubt, it brings us 
tidings from other worlds, infinitely remote, but in a 
language we cannot as yet always understand. And why 
not? Because we live in a medium Glléd with air and 
ther gasps, yapors and a dense mass of selid particles 
fying abbut. ‘These pley an important part in many 
phenomena; they fritter away the energy of the vibra- 
ons before hey, too, are the 
cnriers of germs of destruction ; they get into our lungs 
fend other organs, clog up the channels and imperceptibly, 
yet inevitably, arrest the stream of life. Could we but 
do away with all pondersble matter in the line of sight 
of tht telescope, it would reveal to us undreamt of 
marvels, Even the unaided eye, 1 thin, would be 
capable of distinguishing in the pure medium small 
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objects at distances measured probably by hundreds or, 
pethaps, thousands of miles 

But there is something lsc about the eye w 
impresses us still more than these wonderful features 
which we observe, viewing it from the standpoint of a 
physicist, merely as an optical instrument—something 
which appeals to us more than its marvelous faculty of 
being directly aifected by the vibrations of the mediam, 














ming power. It is 
its significance in the processes of life, No matter what 
one’s views on Nature and life may be, he must stand 
amazed when, for the fist time in his thoughts, be 
realizes the importance of the eye in the physical pro- 
‘cesses and mental performances of the human organism. 
‘And how could it be otherwise, when he realizes that 
the eve is the means through which the human race has 
acquired the entire knowledge it possesses, that it cou 
trols all our motions; more, still, all our actions. 

There is no way of acquiring knowledge except 
through the eye. What is the foundation of all phile- 
sophical systems of ancient and modern times, in fact, 
of all the philosophy of man? Zam, J think: 7 dhénk, 
therefere, 1 am, But bow could 1 think, and how 
would T' Know that 1 exist if I had not th 
For knowledge involves consciousness; consciousness 
involves ideas, conceptions; conceptions involve pictures 
Or images, and images, the sonse of vision, and, there- 
fore, the organ of sight. But how about Mind men, 
will be asked? Yes a blind man may depict in mag- 
nificent poems forms and scenes from real life, from a 
world he physically does not see. A blind man may 
touch the keys of an instrament with pnerring precision, 
may build the fastest boat, may discover and inyent, 
ealeulate and construct, may do still greater wonders; 
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but all the blind men who have done such things have 
descended from those who had seeing eyes. Nature 
may reach the stme result in many ways. Like a wave 
in the physical world, in the infinite ocean of the 
‘medium which pervades all, so in the world of organ 
isms, in life, an impulse started procecds onward; at 
times, may be, with the speed of Tight, at mes, again, 
so slowly that for ages and ages it scems to stay, passing 
through processes of a complexity inconceivable to men, 
Twat in all its forms, in all its stages, its energy ever and 
ever integrally present. A single ray of light from a 
distant star falling upon the eye of a tyrant in bygone 
times may have altensd the course of his life, may have 
changed the destiny of nations, may have transformed 
the surface of the globe. so intricate, so inconecivably 
complex are the processes in Nature. In no way can 
‘we got such an overwhelming idea of the grandeur of 
‘Nature as when we consider that in accordance with the 
law of the conservation of energy, throughout the 
Infinite, the forces are ina perfect balance, and hence 
the energy of a single thought may determine the 
motion of a Universe, It is not necessary that every 
individual, not even thet every generation or many gen- 
erations, should have the physical instrument of sight, 
in order to be able to form images and to think, that is, 
form ideas or conceptions; but some time or other, 
during the process of evolution, the eye certainly must 
have existed, else thought, as we understand it, would 
be impossible; else conceptions, Tks spirit, intellect, 
mind, call it 2s you may, coukd not exist, It is con- 
ceivable that in some other world, in some other beings, 
the eye is replaced by a different orgen, equally or more 
perfect, but these beings cmmot been 

Now, what prompts us to all voluntary motions and 
actions-whany kind? Again, the eye. If 1 am con- 






































scious of the motion, I must have an ides or concep- 
tion—that is, an image—therefore, the eye, If Tam 
not precisely conscious of the motion, it is because the 
Images ave vague or indistinct, being blurred by the 
superimposition of many. But when 1 perform the 
motion, does the impulse which prompts me to the 
faction come from within @r from without? The gx 
tst physicists have not disdained to endeavor to answer 
this and simitar questions, and have at times abandoned 
themselves to the delights of pure and unrestrained 
thought, Such questions are generally considered not 
to delong to the realm of positive physical science, but 
will before long be-annexed to its domain. Helmholtz 
as protubly thought more on life than any modem 
scientist, Lord Kelvin expressed his belief that life's 
process i electrical, and that there isa force inherent to 
the organism and determining its motions Just as 
much ag [am convined of any physical truth I sm con- 
vinced that the motive impulse must come from the 
‘uiside ; for, consider the lowest organism we know— 
fand there ave probably many lower ones—am aggrega 
tion of a few cells only. If it is capable of voluntary 
‘mation, it ean perform an infinite number of motions, 
‘ll definite and precise. But now a mechanism consist- 
ing of a finite number of parts, and few at that, cannot 
perform an infivite number of definite motions; hence, 
the impulses which govern its movements must come 
from the environment. So the atom, the ulterior 
clement of the Univers’s structure, is tossed about in 
space eternally, a play to extemal influences; like float 
ina troubled sea. Were it to stop its motion, 2 world 
dic, Matier at rest, if such a thing could exist, would 
be matter dead. Death of matter! Never has a sen- 
tence of deeper philosphical meaning been uttered. 
‘This is the way in which Professor Dewar forcibly 


























‘expresses it in the description of his admirable experi- 
thents, in which liquid oxygen is handled as one bandles 
‘water, and air at ordinary pressure is made to condense 
‘and even to solidify by the intense cold—experiments 
‘which serve to illustrate, in his language, the last feeble 
manifestations of life, the Inst quiverings of matter 
fabout to die, But human eyes shall not witness such 
death, ‘There is no death of matter, for throughout the 
infinite universe all has 10 move, to vibrate—that is, to 
live 

T have made the preceding statements at the peril of 
treading upon metaphysical ground in my desire to intro- 
‘duce the subject of this lecture in a manner not alto- 
igether uninteresting, I may hops, to an audience such as 
T have the honor to address. But now, then, returning 
to the subject, this divine organ of sight, this indis- 
pensible instrament for thought and all intellectual 
tnjoyment, which lays open to us the marvels of this 
Universe, through which we have acquired what knowl 
edge we possess, and which prompts us to and controls 
all our physical and mental activity—by what is it 
affected? By light! What is light? 

‘We have witnessed the great strides which have been 
sade in all departments of science in recent years. SO 
great have been the advances that we cannot refrain 
from asking ourselves, Is this all true, or is it but a 
dream? Centuries ago men have lived, have thought, 
covered, invented, and have believed that they were 
soaring, while they were merely proceeding at a snail's 
pace, So we, too, may be mistaken. But, taking the 
trath of the observed events as one of the implied facts 
ff science, we must rejoice in the immense progress 
already made, and still more in the anticipation of what 
‘must come, judging from the possibilities opened up by 
modern research. There is, however, an advance which 
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we have heen witnessing, which must be particalarly: 
gratifying to every lover of progress. It is not a 
discovery, or an invention, or an achievement in any 
particular direction. It isan advance in all directions 
‘of scientific thought and experiment. 1 mean the 
generalization of the natural forces and phenomena, the 
looming up of a certain broad idea on the scientific 
horizon, It is this idea which bas, however, long ago 
taken possession of the most advanced minds, to which 
1 desire to call your attention, and which I intend to 
illustrate, in a general way, in these experiments, a5 the 
first step in answering the question, What is light?” 
and to realize the modern meaning of this word. 

It is beyond the scope of my lecture to divell upon 
the subject of light in general, my object being merely 
to bring presently to your notice a certain class of light 
effects and a number of phenomera observed in pursuing 
the study of these effects, But to be consistent in my 
remarks it is necessary to state that according to that 
idea, now accepted by the majority of scientific men as 
a positive result of theoretical and experimental 
gation, the various fo stations of energy 
which were generally designated as “electric” or, 
precisely, “electromagnetic,” are energy manifestations 
of the same nature ag those of radiant heat and light. 
‘Phorefore, the phenomena of light and heat, and others 
besides these, may be called electrical phenomena. Thus 
electrical science has become the mother science of all, 
and its study has become all important. The day when 
wwe shall know exactly what “electricity” is, will 
chronicle an event probably greater, more important, 
than any other recorded in the history of the human 
race. The time will come when the comfort, the very 
existence, perhaps, of man will depend upon that 
wonderful agent. For our existence and comfort we 



































| 








ot 





require heat, light and mechanical power. How do we 
now get all these? We get them from fuel; we get 
them by consuming material, What will man do when 
the forests disappear, when the coal fields are exhausted ? 
Only one thing, according to our present knowledge, 
«will remain ; that is, to transmit power at great distances. 
‘Men will go to the waterfalls, to the tides, which are the 
stores of an infinitesimal part of Nature's immeasurable 
energy. There will they harness the energy and transmit 
the same to their settlements, to warm their homes by, 
to give them light, and to keep their obedient: slaves, 
the machines, toiling. But how will they transmit this 
energy if not by electricity ? Judge, then, if the com- 
fort, nay, the very existence, of man will not depend on 
electricity. I amaware that this view is not that of a 
practical engineer; but neither is it that of an Musionist, 
for it is certain hat power transmission, which, at 
present, is merely a stimulus to enterprise, will some 
day be a dire necessity. 

It is more important for the student who takes 
up the study of Tight phenomena to make himself 
thoroughly acquainted with certain modern views than 
to peruse entire books on the subject of Tight itself, 
ss disconnected from these views. Were I, therefore, 
to make these demonstrations before students secking 
information—and for the sake of the few of these who 
may be present, give me leave to so assume—it would 
be my principal endeavor to impress these views upon 
their minds in this series of experiments. 

Ie might be sufficient for this purpose to perform 
a simple and well-known experiment, I might take 
2 familiar appliance, a Leyden jar, charge it from a 
frictional machine, and then discharge it. In explaining 
to you its permanent state when charged, and its 
transitory condition when discharging; calling your 
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attention fo the forces which enter into play and to the 
various phenomena they produce, and pointing out the 
rehtion of the forces and phenomena, T might fully 
succeed in illustrating that modern idea To the 
thinker, no doubt, this simple experiment would appeal 
as much as the most magnificent display. But this is 
to be an experimental demonstration, and one which 
should possess besides instructive, also entertaining, 
features, and as such, a simple experiment, such as the 
one cited, would not go very far towards the attain= 
ment of the lecturer’s aim, J must, therefore, choose 
another way of illustrating, more spectaculsr certainly, 
but perhaps also more instructive. Instead of the 
frictional machine and Leyden jar, I shall avail myself 
in these experiments of an induction coil of peculiar 
properties, which was descrited in detail by me in a 
lecture before the London Institution of Electrical 
Engineers, in February, 1892, This induction oi 
capable of yielding currents of enormous potential 
differences, alternating with extreme rapidity. With 
this apparatus I shall endeavor to show you three 
distinet classes of effects, or phenomena, and it is my 
desire that each experiment, while serving for the 
purposes of illustration, shall at the same time tench 
tus some novel truth, or shaw us some novel aspect 
ff this faseinating scence. But before doing this it 
seems proper and useful to dwell upon the apparatus 
employed and method of obtaining the high potentials 
and high frequency currents which are made use of in 
these experiments. 


























‘These hightrequency currents are obtained in 
peculiar manner, The method employed was advanced 
by me about two years ago in an experimental lecture 
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hefore the American Institute of Electrical Engineers. 
A number of ways, as practiced in the laboratory, of 
obtaining these currents, either from continuous or lov 
frequeney alternating currents, i¢ diagrammatically indi- 
cated in Fig. 1, which will be later deseribed in detail, 
The general plan is to charge condensers, from a di 

or alternate current source, preferably of high tension, 
and to dischatge them disruptively while observing well: 
known conditions necessary to maintain the oscillations 
of the current, In view of the general interest taken in 
high-frequency currents and effects producible ty them, 
it seems to me advisable to dwell at some length upon 
this method of conversion. In order to give you a clear 
idea of the action, I will suppose that a continuous 
current generator is employed, which is often very con- 
venient. Itis desirable that the generator should possess 
such high tension as to be able to break through a stall 
air space, If this is not the case, then auxiliary means 
have to be resorted to, some of which will be indicated 
subsequently, When the condensers are charged to a 
certain potential, the sir or insulating space gives way 
and a disruptive discharge occurs. There is then a sud- 
don rush of current, and generally © portion of the 
accumulated clectrical energy spends itself. ‘The con- 
densers are thereupon quickly charged, and the same 
process is repeated in more or less rapid succession, To. 
produce such sudden rushes of current it is necessary to 
observe certain conditions. If the rate at which the 
condensers are discharged is the sume as that at which 
they are charged, then, clearly, in the assumed case the 
condensers do not come into play. If the rate of dis 
charge be smaller than the rate of charging, then, again, 
the condensers cannot play an important part. But if, 
on the contiary, the rate of discharging is greater than 
that of charging, then a succession of rushes of current 
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is obtained, It is evident that if the rate at which the 
energy is being dissipated by the discharge is very much 
greater than the rate of supply to the condensers, the 
suelden rushes will be comparatively few, with long time: 
intervals between, ‘Thisalways occurs when a condenser 
of considerable capacity is charged by means of a com- 
paratively small machine. If the rates of supply and 
dissipation are not widely different, then the rushes of 
current will be in quicker saccession, and this the more, 
the more nearly equal both the rates are, until natural 
Timitations incident to each case, and depending upon a 
number of causes, are reached. ‘Thus we are able to 
obtain from a continuous cusrent generator as rapid a 
succession of discharges as we like Of course, the 
higher the tension of the generator, the smaller need be 
the capacity of the condensers, and for this reason, prin- 
lly, it § of advantage to employ a generator of very 
high tension. Besides, such a generator permits the 
ining of greater rates of vibration. 

‘The rushes of .current may be of the same direction 
under the conditions before assumed, but most generally 
there is an oscillation superimposed upon the fanda- 
mental vibration of the current. When the conditions 
are so determined that there is no oscillation, the 
current impulses are unidirectional and thus a means 15 
provided of transforming a continuous carrent of high 
tension into a direct current of lower tension, which 1 
think mayefind employment in the arts, 

‘This method of conversion is exceedingly interesting 
and I was much impressed by its beauty when 1 first 
conceived it, It is ideal im certain fespects. It 
involves the employment of no mechanical devices of 
any Kind, and it allows of obtaining currents of any 
Uesined frequency from an ordinary circuit, direct or 
alernating, The frequency of the fundamental dis- 









































iges depending on the relative rates of supply and 
dcsipation can be readily varied within wide limits by 
‘imple adjustments of these quantities, and the frequency 
ff the superimposed vibration by the determination of 
the capacity, selé-induction and resistance of the cirenit: 
‘The potential of the currents, again 

ae high as any insulation is capable of withstanding 
safely, by combining capacity and selt-induet 
Fedustion in a secondary, which nced have but comparte 
tively few turns 

"As the conditions are often such that the inter- 
mitience or oscillation docs not readily establish itsell, 
Specially when 2 direct current source is employed, 
‘is of advantage to associate an interrupter with the 
tie, and 1 have, some time ago, indicated the use of an 
ginblast or magnet, or other such device readily at hand. 
The magnet is employed with special advantage in the 
conversion of direct currents, as it is then very effective. 
Ye the primary source is an alternate current generator, 
jis desirable, as T have stated on another occasion, that 
the frequeney should be low, and that the currents 
forming the are be large, in order to render the magnet 
more effective. 

"A form of such discharger, with a magnet, W! 
een found convenient, and adopted, after some trisls 
fa the conversion of direct currents particularly, is lus 
trated in Fig. re the pole-pieces of a v 
vngnet, which is excited by a cail,c. The pole-pieees 
tie slotted for adjustment, and can be fastened in any 
position by screws, 5, The discharge rods d dy, 
Fhinned down on the ends, in order wo allow a closer 
approach of the magnetic polepieces, pass through she 
aihamns of brass #6,, and are fastened in position by 
Screws, %5 9. Springs, 7 7,,aud collars ¢¢,, are sipped 
aavihe rads, the laiter serving to set the points of the 
































































9 


rods at a certain suitable distance by means of serews, 
Tr sy, and the former to draw the points apart. When 
it is desired to start the are one of the hard rubber 
handles Af, is tapped quickly with the hand, whereby 
the points of the rods are brought in contact, but are 
instantly separated by the springs 7 7. Such an arrange 
neu his been found to be often necessary, namely, in 
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cases when the electromotive force was not large enough 
to cause the discharge to breaks through the gap, and 

Je to avoid short-circuiting of the 
feenerator by the metallic contact of the rods. The 
Fapidlity of the interruptions of the current with a mag 
net depends on the intensity af the magnetic field and 
fn the potential digerence at the ends of the are.” The 
Jnverruptions are generally in such quick succession a8 to 
produce a musical sound, Years ago it was observed 





also when it was desir 














that when a powerful induction coil was discharged 
between the poles of a strong magnet the discharge pro- 
duced a lovd noise not unlike a small pistol shot It 
was vaguely stated that the spark was intensified by the 
presence of the magnetic field. It is now clear that the 
discharge current, flowing for some time, was inter 
rupted a great number of times by the magnet, thus 
producing the sound, ‘The phenomenon is especially 
marked when the feld circuit of a large 
Aynamo is broken ina powerful magnetic eld 

‘When the current through the gap is comparatively 
large, iti of advantage to slip on the points of the d 
charge rods pieces of very hard carbon, and let the are 
play between the carbon pieces. This preserves the 
rods, and, besides, has the advantage of keeping the ci 
space hotter, as the heat is not conducted away as 
jckly through the earbons, and the result is that a 
smaller cleetromotive force in the arc gap is required to 
maintain a suecession of discharges 

Another form of discharger which may be employed 
with advantage in some cases is illustrated in Fig. 3 
In this form the discharge rods dd, pass through perfor- 
ations in a wooden box x, which is thickly coated 
mica on the inside, as indicated by the heavy lines. 
‘The perforations are provided with mica tubes nem of 
some thickness, which are preferably not in contact with 
the rods dd, “The box bas. cover ¢, which is little 
larger, and descends on the outside of the box. The 
spark gap is warmed by asmall lamp / contained in the 
box. A plate f above the lamp allows the draught to 
pass only through the chimney ¢ of the lamp, the air 
entering through holes o¢ in or near the bottom of the 
vox and following the path indicated by the arrows, 
When the discharger is in operation the door of the box 
is dosed so that the light of the arc is not visible out- 






































side, It is desirable to exclude the light as perfectly a= 
postible, as it interferes with some experiments. This 
form of discharger is simple and very effective when 
properly manipulated. The air being warmed toa cere 
fin temperature has its insulating power impaired, it 
becomes dielectrically weak, as it were, and the conse- 
quence is that the are can be established at much greater 
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distance, The air should, of course, be sufficiently 





insulating to allow the discharge to pass through the gap 





The are formed under such ¢om 
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cient to produce rapid interruptions. The adjustment 
is made by regulating the temperature and velocity of 

















the draught, Instead of using a lamp, it answers the 
purpose to provide fora draught of warm air in other 
ways. A very simple way which has been practiced is 
to inclose the arc in a long vertical tube, with plates on 
the top and bottom for regulating: the temperature and 
velocity of the air current. Some provision had to be 
made for deadening the sound 

The sir may also be rendered diclectrically weak by 
marefaction, Dischargers of this kind have likewise been 
used by me in connection with the magnet, A large 
tube is for this purpose provided with heavy electrodes 
of carbon or metal, between which the discharge is made 
to pass, the tube being placed ina powerful magnetic 
field, ‘The exhaustion of the tube is carried to a point 
‘at which the discharge breaks through easily, but the 
pressure should he more than seventy-five millimeters, at 
Which the ordinary thread discharge occurs. In another 
form of discharger, combining the features before mi 
tioned, the discharge was made 10 pass between two 
adjustable magnetic pole picees, the space between them 
being kept at an elevated temperature, 

It should be remarked here, that when such, oF inter- 
iF devices of any kind, are used and the currents 
are passed through the primary of a disraptive discharge 

































coil, itis not, as arule, of advantage to produce a num- 
her of interruptions of the current per second greater 
ral frequency of vibration of the dynamo: 
which is ordinarily small. It should also 
be pointed out here that while the devices mentioned in 
connection with the disruptive discharge are advan- 
tageous under certain conditions, they may he sometimes 
a source of trouble, as they produce intermitrences and 
other irregularities in the vibration, which it would be 
very desirable to overcome, 

‘There is, I regret to sa 




















in this beautiful method of 











‘a 





a defect, which fortunately is not vital, and 
nT have been gradually overcoming, 1 will best 
call ateation to this defect, and indicate a fruitful line 

ig the electrical process with its 
“The process may be illustrated in 
nanner; Imagine a tank with a wide opening at 
the bottom, which is kept closed by spring pressure, but 
so that it srape off zxdderdy when the liquid in the tank 
has reached a certain height. Let the liquid be supplied 
to the tank by means of a pipe, feeding at a certain rate. 
When the critical height of the liquid is reached, the 
spring tives way and the bottom of the tank: drops out, 
Instantly the liquid falls through the wide opening, and 
the spring, reasserting itself, closes the bottom again, 
The tank is now filled, and after a certain time interval 
the same process is repeated, It is clear that if the pipe 
feeds the liquid quicker than the bottom outlet is capable 
of letting it pass through, the bottom will remain off, 
and the tank will still overflow. If the rates of supply 
sre exactly equal, then the bottom lid will remain parti- 
ally oper, and no vibration of the same and of the 
liquid column will generally occur, though it might, if 
started by some means. But if the inlet pipe docs not 
feed the liquid fast enough for the outlet, then there will 
be always vibration, Again, in such case, each time the 
bottom faps up or down, the spring and the liquid 
column, if the pliability of the spring and the inertia of 
the moving: parts are properly chosen, will perform inde- 
Pendent vibrations, Tn this analogue the liquid may be 
Wened to electricity or electrical energy, the tank to the 
condenser, the spring to the dielectric and the pipe to 
the conductor through which cleciricity is supplied to 
the condenser. To make this analogy quite complete it 
is necessary to make the assumption that the bottom, 
each time it gives way, is knocked violently against « 




































































non-elastic stop, this impact involving some loss of 
energy, and that, hesides, some dissipation of energy 
results, due to frictional losses. In the precedin: 
logue the liquid is supposed to be uncer a st 
pressure, If the pressure of the liquid be assumed t 
vary rhythmically, this may be taken as corresponding 
to the case of an alternating current, The process is 
then not quite as simple to consider, but the action is 
the same in principle. 

It is desirable, in order to maintain the vibration 
economically, to reduce the impact and frictional tosses 
as much as possible, As regards the latter, which in 
the electrical analogue correspond to the losses due to 
the resistance of the circuits, itis impossible to obviate 
them entirely, but they can be reduced to a minimum 
by a proper selection of the dimensions of the circuits 
and by the employment of thin conductors in the form 
of strands, But the loss of energy eaueed by the frst 
breaking tbroigh of the’ diclectrie—whieh in the above 
example corresponds to the violent Iznock of the bottom 
against the inelastic stop—would be more important 
to overcome, At the moment of the breaking through, 
the air space has a very high resistance, which is prob- 
ably reduced to a very small value when the current 
has reached some strength, and the space is brought to 
a high temperature, Tt would materially diminish the 
loss of energy if the space were always kept at an 
extremely high temperature, but then there would be 
no disruptive break. By warming the space moderately 
by means of a lamp or otherwise, the economy, as far 
as the are is concerned, is sensibly increased. But the 
magnet or other interrupting device does not diminish 
the ‘loss in the are. Likewise, a jet of air only facili 
tates the carrying off of the energy. Air, or a gas in 
general, behaves curiously in this respect. When two 



























































bodies, charged to a very high potential, discharge 
disruptively through an air space, any amount of energy 
may be cartied off by the air. This energy is evidently 

Ly bodily carriers, in impact and collisional 
losses of the molecules. The exchange of the molecules 
in the space occurs conceivable rapidity. A 
powerfal discharge taking place between two electrodes, 
they may remain entirely cool, and yet the loss in the 
ir may represent any amount of energy. It is perfectly 
practicable, with very wgreat potential differences in the 
‘up, t0 dissipate several horse power in the arc of the 
discharge ing a small increase in the 
temperature of the electrodes. All the frictional losses 
‘occur then practically in the air. Tf the exchange of 
the air molecules is prevented, as by enclosing the air 
hermetically, the gas inside of the vessel is brought 
quickly to a high temperature, even with a very small 
discharge. It is difficult to estimate how much of the 
energy is lost in sound waves, audible or not, ina 
powerful discharge. When the currents through the 
up are large, the eleetrovles may become rapidly heated; 
but this is not a reliable measure of the energy wasted 
in the ate, as the loss through the gap itself may be 
comparatively small, ‘The air or a gas in general is, 
fat ordinary pressures, at least, clearly not the best 
meditim through which a disruptive discharge should 
occur, Air or other gas under great pressure is, of 

much more suitable medium for the discharge 
gap. T have carried on long-continued experiments in 
this direction, unfortunately less practicable on account 
of the difficulties and expense in getting air under 
gicat pressure, But even if the medium ia the 
discharge space is solid or liquid, still the same losses 
tale place, though they are generally smaller, for just 
as soon as the arc is established, the solid or Tiquid is 
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volatiized, Indeed, there is nobody known which 
would not be disintegrated by the are, and it is an open 
question among scientific men whether an arc discharge 
‘could occur at all in the air itself without the particles 
‘of the electrodes being tor of. When the current 
through the gap is very small and the are very long, 1 
believe that a relatively considerable amount of heat is 
taken up in the disintegration of the electrodes, which 
partially on this account may remain quite cold 
‘The ideal medium for a discharge gap should only 
‘erack, and the ideal electrode should be of some mate- 
rial which cannot he disintegrated. With small currents 
through the gap it is best to employ aluminum, bat not 
when the currents are large. ‘The disruptive break: in 
the air, or, more oF less, in any ordinary medium, is not 
fof the nature of a crack, but is rather comparable to the 
piereing of innumerable bullets throug! 8 
great frictional resistance to the motion of the bullets 
thus involving considerable loss of energy. A medium 
which would merely crack when strained electrostat 
ically, and this possibly might be the ease with a perfect 
is, pure ether—wonld involve 2 very 
the gap, so small as to be entirely negli- 
theoretically, because a crack may be pro- 
daced hy sn infinitely small displacement. Tn exhausting 
an oblong bulb provided with two aluminum terminals, 
with the greatest care T have succeeded in producing 
such a vacuum that the secondary discharge of a distup- 
tive discharge coil would break disruptively through the 
bulb in the form of fine spark sizeams. The curious 
point was that the discharge would completely ignore 
the terminals and start far behind the two aluminum 
plates which served as electrodes This extraordin 
high vacuam could only be maintained for a ver 
while. “To return to the ideal mediam. Think, for the 
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sake of illustration, of a piece of glass or similar body: 
clamped in a vise, and the latter tightened more and 
more, Ata certain point a minute ineresse of the 
pressire will cause the ghss to crack. The loss of 
energy involved in splitting the glass may be practically 
nothing, for, though the force is great, the displacement 
| need be but extremely small, Now, imagine that the 
| ghss would possess the property of closing the crack 
again perfectly upon a minute diminution of the pres- 
sure. This isthe way the dielectric in the discharge space 
should behave ; but, inasmuch as there would be always 
some loss ia the gap, the mediam, which should be con- 
tinuous, should exchange through the gap at a rapid 
rate. In the preceding example, the glass being per- 
fectly closed would mean, that the dielectric in the dis: 
charge space possesses a great insulating power; the 
‘ghiss being cracked would signify that the medium in the 
Space isa good conductor. The dielectric should vary 
| enormously in resistance by minute variations of the 

electromotive force across the discharge space. This 
i condition is attained, but in an extremely imperfect 

manner, by warming the air space to a certain critical 

temperature, dependent on the electromotive force 

across the gap, or by otberwise impairing the insulating 


























power of theair. But, as a matter of fact, the air never 
{oes break down asruptivey,i€ this term be rigorously 

i interpreted, for before the sudden rush of the enrrent 

| Bee Se ceey pening 
which rises first gradually and then with comparative 

» fuldenness. That isthe reason why the rate of change 
is very much greater when glass, for instance, is broken 

i than when the break takes place through an air space of 
| equivalent dieleetiic strength, As a medium for the 
i discharge space, a solid, or even a liquid, would be 


4 preferable therefor. It is somewhat difficult to conceive 
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of a solid body which would possess the property of 
‘losing instantly afterit has been cracked, But a Tiquid, 
especially under great pressure, behaves practically like 
solid, while it possesses the property of closing the 
crack, Hence, it was thought that a liquid inseltor 
might be more suitable as a dielectric than air, Follow 
ing ont this idea, a number of different forms of dis- 
chargers, in which a variety of such insulators, sometimes 
under great pressure, were employed, have been experi- 
mented upon, Te is thought sufficient to dwell, ia a few 
words, upon one of the forms experimented upon. One 
of these dischargers is ilustrated in Figs. 4a and 45. 

‘A hollow metal pulley » (Fig. 42) was fastened upon 
‘an arbor a, which by suitable means was rotated at a 
considerable speed. Tn the inside of the palley, but 
Sisconnected from the same, was supported a thin dise 
4, (which is shown thick for the sake of clearness) of 
hhard rubber, in which there were embedded two metal 
segments st, with metallic extensions ¢¢, into which 
were screwed conducting terminals 44 covered with 
‘thick tubes of hard rubber 4. The rubber dise #, with 
its metallic segments ss, was finished in a lathe, and i 
entire surface highly polished, so as to offer the smallest 
possible frictional resistance to the motion through a 
fui, In the hollow of the pulley an insulating liquid, 
such as a thin ofl, was poured so as to reach very nearly 
to the opening left in the thange /, which was screwed 
tightly on the front side of the pulley. The terminals 
#£ were connected to the opposite coatings of a battery 
‘of condensers so that the discharge occurred through 
the liquid, When the pulley was rotated the Ti 
forced against the tim of the pulley, and considerable 
liquia pressure resulted, In this simple way the dischar, 
gap was filled with a medinm which behaved practically 
Tike a solid, which possessed the quality of closing 
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instantly upon the oceurrence of the break, and whieh, 
moreover, was circulating through the gap at a rapid 
rate, Very powerful efects were produced by dis- 
chargers of this kind with liquid interrupters, of which a 
number of different forms were made. It was found 
that, as expected, a longer spark for a given length of 
wire was obtainable in this way than’ by using’ air as an 
interrupting device, Generally the speed, and, there- 
fore, also the liquid pressure, was limited by reason of the 
liquid friction in the form of discharger described ; but the 
pnetically obtainable speed was more than sufficient to 
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produce a number of breaks suitable for the circuits 
rily used. In some instances the metal pulley ¢ 
was provided with a few projections inwardly, and a 
definite number of breaks was then produced, which 
could be computed from the speed of rotation of the 
pulley, Experiments were also carried on with liquids 
Of different insulating power, with the view of reducing: 
the lossin the arc. When an insulating liquid is moder- 
ately warmed the loss in the arc is diminished, 

‘A point of some importance was noted in experi- 
ments with various dischargers of this kind, It was 
































found, for instance, that whereas the conditions main- 
tained in these forms were favorable for the production 
of a great spark length, the currents so obtained were 
not best suited to the production of light effects 
Experience undoubtedly has shown that for such pure 
poses a harmonic rise and fall of the potential is 
preferable, Be it that a solid is rendered incandescent, 
‘or phosphorescent, or be it that energy is transmitted 
by condenser coating through the giass, it is quite 
certain that a harmonically rising and falling potential 
produces less destructive action, and that the vacuum is 
more permanently maintained. This would be casily 
explained if it were ascertained that the process going 
on in an exhausted vessel is of an electrolytic nacan 

In the diagrammatical sketch, Fig. 1, whieh has been 
already referred to, the eases which are most likely to be 
met with in practice are illustrated, One has at hi 
disposal cither direct or altemating currents from a 
supply station, It is convenient for an experimenter in 
am isolated laboratory to employ a machine 6, such as 
illustrated, capable of giving both kinds of currents In 
such case it is algo preferable to use a machine with 
‘multiple circuits, as in many experiments it is useful and 
convenient to have at one's disposal currents of different 
phases, In the sketch, n represents the direct and 4 the 
alternating circuit. In each of these, three branch 
citeuits are shown, all of which are provided with double 
lines switches ss'ssss. Consider first the direct cur 
rent conversion ; 1a represents the simplest ease, If the 
electromotive force of the generator is sufficient to break 
through a small air space, at least when the latter is 
warmed or otherwise rendered poorly insulating, there 
is no difficulty in maintaining a vibration with fair 
economy by judicious adjustment of the capacity, self 
induction and resistance of the circuit t contaimng the 
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devices 2m, ‘The magnet x, s, can be in this case 
advantageously combined with the air space. The 
discharger d a with the magnet may be placed either 
way, as indicated by the full or by the dotted lines. The 
circuit 1a with the connections and devices is supposed 
to possess dimensions such as are suitable for the mainte- 
nance of a vibration, But usually the electromotive 
force on the circuit or branch ra will be something like 
100 volts or so, and in this case it is not sufficient to 
breaks through the gap. Many different means may be 
used to remedy this by raising the electromotive force 
across the gap. The simplest is probably to insert a 
large seléinduction coil in. series with the circuit 1. 
When the arc is established, as by the discharger illus. 
trated in Fig, 2, the magnet blows the are out the instant 
formed. Now, the extra current of the break, being 
of high electromotive force, breaks through the gap, and 
fa path of low resistance for the dyname current being 
again provided, there is a sudden rush of the current 
from the dynamo upon the weakening or subsidence of 
the extra current This process is repeated in rapid 
sticeession, and in this manner I have maintained 
oscillation with as Tow as 50 volts, or even less, across 
the gap. But conversion on this plan is not to be 
recommended on account of the too heavy currents 
the gap and consequent heating of the electrodes: 
resides, the frequencies obtained in this way are low. 
‘owing to the high selfinduction necessarily associated 
with the circuit, It is very desirable to have the elec- 
Somotive force ss high as possible: first, in order to 
increase the economy of the conversion, and, secondly, 
to obtain high frequencies. The difference of potential 
in this electric oscillation is, of course, the equivalent of 
the stretching force in the mechanical vibration of the 
spring, To obtain very rapid vibration in a circuit of 







































































yertia a great stretching force or difference of 
potential is necessary. Incidentally, when the electromo- 
tive force is very great, the condenser which is usually 
employed in connection with the ci sed have but 
ft small capacity, and many other advantages are gained, 
With a view of raising the electromotive force to a 
many times greater value than obtainable from erdinsry 
distribution circuits, a rotating transformer ¢ is used, as 

ed in Fig, 22, or else a separate high potential 
fine is driven by means of a motor operated from 
the generator 6, The latter plan is, in fact. preferable, 
ais changes are casior made, The connections from the 
hiigh tcusion winding are quite similar to those in branch 
Ja with the exception that a condenser ¢, which should 
be adjustable, is connected to the high tension circuits. 
Usually n adjustable sel series 
swith the circuit has been employed in these experiments. 
When the tension of the currents is very high the 
magnet ordinarily used in connection with the dis 
charger is of comparatively small value, as it is quite 
gy to adjust the dimensions of the circuit so that oscil 
lation is maintained. The employment of a stendy 
electromotive force in the high frequency conversion 
affords some advantages over the employment of alter- 
nating electromotive force, as the adjustments are much 
simpler, and the action can be easier controlled. But, 
‘unfortunately, one is limited by the obtainable potential 
difference. The windings also break down easily, in 
consequence of the sparks which form between the 
sections of the armature or commutator when a 
Vigorous oscillation takes place, Besides, these trans- 
formers are expensive to build. Tt has been found by 
experience that itis best to follow the plan illustrated in 
a. In this arrangement a rorating transformer, 
js employed to convert the low tension direct currents 
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imo low frequency alternating currents, preferably also 
Gf ainall tension. ‘The tensign of the currents is then 
raised in a stationary transformer 7, The secondary, 5 
a this transformer is connected to an adjustable con- 
Genser, & which discharges through the gap or dis: 
charger, dd, placed in either of the ways indicated, 
through the primary» of a disruptive discharge coil, 
the high frequency curvents being obtsined from the 
secondary sof this coil, as described on previous 
cecasions, This will undoubtedly be found the cheap- 
far and most convenient way of converting direct 
currents, 

‘The three branches of the circuit 4 represent the 
sual cases met in practice when altemating currents 
tre converted, In Fig. 16 a condenser , generally. of 

‘ty, is connected 0 the circuit 1 containing 
Zl, m m. The devices mem are supposed t0 
be of high seltinduction, so as to bring the frequency 
of the circuit more or less to that of the dynamo. In 
this instance the discharger d d should best have a 
fpumber of makes and breaks per second equal to twice 
the frequency of the dynamo, If not so, then it should 
have at least a mumber equal to a multiple or even 
fon of the dynamo frequency. It should be 
Dinerved, referring to 14 that the conversion to a high 
potential isako effected when the dischanger d which 
Be'shown in the sketch, is omitied. But the effects 
which are produced by currents which rise instantly 
to high values, as in « disruptive discharge, ate entirely 
\fitferent from those produced by dynamo currents which 
tise and fall harmonically. So, for instance, there 
might be in a given case a number of makes and breaks 
at ad equal to just twice the frequency of the dynamo; 
‘or in other words there may be the same number of 
fundamental oscillations as would be produced without 
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the discharge gap, and there might even not be any 
quicker superimposed vibration; yet the differences of 
potential at the various points of the circuit, the 
impedence and other phenomena, dependent upon the 
rate of change, will bear no similarity in the two cases 
Thus, when working with currents discharging dist 
tively, the element chiefly to be considered is not the 
frequency, as a student might be apt to believe, but the 
rate of clange per unit of time. With low frequencies, 
in a certain measure, the same effects may be obtained 
as with high frequencies, provided the rate of change 
is sufficiently great. So if a low frequency current is 
d to a potential of, say, 75.000 volts and the high 
jon carrent passed through a series of high resist 
ance lamp filaments, the importance of the rarefied 
iS surrounding the filament is clearly noted, as will 
lie seen later ; oF, if a low frequency current of several 
thousand amperes is passed through a metal bar, striking 
Phenomena of impedence ase obscrved, just’ as with 
currents of high frequencies. But itis,of course, evicent 
that with low frequency currents it is impossible to 
obtain such rates of change per unit of time as with 
high frequencies, hence the effects produced by the 
latter are much more prominent. It was deemed 
advisible to make the precediag remarks, inasmuch 
as many more recently deserited effects have been 
unwittingly identified with high frequencies. Frequency 
alone in reality does not mean anything, except when 
an undisturbed harmonic oscillation is considered 

Tn the branch 34. similar disposition as in 13 is 
illustrated, with the difference that the currents dis. 
charging through the gap a d areused to induce currents 
in the secondary s of a transformer vIn such case 
the scoondary should be provided with an adjustable 
condenser for the purpose of tuning it to the primary, 
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: 24 illastrates a. plan of alternate current high 
frequency conversion, which is mest frequently used 
and which is found to be most convenient. This plan 
has been cwelt upon in detail on previous occastons 
and need not he described here. 

Some of these results were obtained by the use of 
high frequency alternator. A description of such 
machines will be found in my original paper before 
the American Institute of Electrical Engineers, and in 
Periodicals of that period, notably in The Electrical 
Engincer of March 18th, 189) 

| will now proceed with the experiments, 
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The first class of effects I intend to show you are 
effects produced by electrostatic force. It is the farce 
which governs the motion of the atoms, which causes 
them to collide and develop the lifesustaining energy of 
hheat and light, and which causes them to aggregate in” 
an infinite variety of ways, according to Nature's fan. 
ciful designs, and to form all these wondrous structures 
We pereeive around us; it is, in fact, if our present views 
be true. the most important force for us to consider in 
Nature, As the term clectrastagic might imply a steady 
electric condition, it should be remarked that in these 
experiments the force is not constant, but varies at a 
tate which may be considered moderate, about one 
million times a second, or thereabouts. This enables 
me to produce many effects which are not producible 
with an unvarying force, 

When two conducting Wodies are insulated and elec- 
tried, Wwe say that an electrostatic force is acting 
between them. This force manifests itself in attractions, 
repulsions and stresses in the bodies and space or 
‘medium without. So great may be the strain exerted 
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at parates the two conducting 
or whatever se 


lown, and wwe observe sparks 
Dodie tit ray break down, nd we, nese 
or bale oem abundantly when the free 
ally varying. T will iMlustrate this 
satis foree ina novel experiment i 
of electrostatic for el experiment i 
we fl employ the induction coi Belone reese 
10. Jlmoad ender the table. “The two end of the se 
aa eonsye pas Unruh the ted thie column Jor 
ee iii pretrde ro some height ove the se 
eee Leseny to inate the ends of termi of the 
hee a fly with hard bbe, sale pare fe 
secondary heavi uber beau ve 
. vy far f00_ poor an insulator for these curren’s 
Fens pocential. differences Os ore ote 
cteeate of the coil [ have placed & tage sphere of 
Sheet brass, which is connected t0 9 zie weed 
in order to enable me to perform the exper 
ditions whic, 8 you will se, awe more 
I now set the evil ro wor 
ha metallic object 
mums As L 
of eight or 


in the air, 








throngh the air 








shest brass 
brass plate 
ents under condition 
sail eriment. 
Stable for ths experiment. 1 no 
‘Sapprach the fre trial wi! a se 
held. im my hand ; this simply to avoid 
ra Melt bw stone of at on 
Aiea a the ony we wich pen roth te 
fee soarn. The spark cease when the meal ip 
IY an eri ee eens eating at about che 
vy Pe million times a second. All| around me th 
ae oor are nko el fot andthe ait moles 
area of dus yng about are acted 


il my So great is this 
ntly against my body. S oe 
edna reels that when the lights are turned 


creams of feeble ight appear on some 
iy. When such a streamer breaks 
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ly it produces a sensation like the 
Were the potentials sufficiently 
of the vibration rather loxy, the 


pricking of a needle, 
high, and the frequency 


skin would probably be ruptured ander the tremendone 


strain, and the blood would 1 
the Jorm of fine spray or jet 5 
Just 2s oil will when placed on the positive terminal of 
* [loltz machine. “This breaking through of the akin, 
Stouch IC may stem imposible at frst, would perhaps 
feaut I feaion of the tissues under the skin being 
ursoreberably better conducting, This, at least, appears 
Plausible, judging from some observations, 

J ian take these streams of light visible to all, by 
fonching: with the metalic object one of the terminals 
as before, and approaching my free hand ta the bres 
‘phere, hich is connected to the second terminal of the 
coil" As the hand is approached the air between ft and 
thespher, or in the immediate neighborhood, is more 
fiokely agitated, and you see streams of light now 
leak forth from my finger tips and from the whole hand 
(Fig. 9). Were Ito approach the hand closer, powers] 
‘aris would jump from the brass sphere to my hand, 
TAH might beinjurious The sereamers ctfer no par 
ticular inconvenience, except that in the ends of sho 
finger tipsa buming sensation is felt. They should aur 
he confounded with those produced by an influence 

chine, because in many respects they behave differ 
utly. I have attached the brass sphere and plate vo 

One of the terminals in order to prevent the formation 

of ‘wsitle streamers on that terminal, alzo in order en 

Prevent sparks from jumping at a considerable distance, 

Mees: the attachment is favorable Tor the working of 

the coil 

Fie steams of light which sou have observed isuing 
from my hand are due to a potential of 





h out with great force in 
10 thin as to he invisible, 
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volts, altemating in rather irregular intervals, something 
Tike a million times a second, A vibration of the same 
amplitude, but four times as fast, to maintain which over 
3,000,000 volts would be required, would be more than 
Sufficient to envelop my body in a complete shect of 
flame, But this flame would not burn me up; quite 
contrariy, the probability is that T would not be injured 
in the least, Yet a hundredth part of that cnergy, 
otherwise directed, would be amply sufficient to kill a 








person. 
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‘The amount. of energy which may thus be passed 
into the hody of a person depends on the frequency and 
potential of the currents, and by making both of these 
very great, a vast amount of energ sd imo 
the body ‘without causing any dlseomfor. except per 
haps, inthe arm, which is traversed by-a truc conduction 
current, ‘The reason why no psin in the body is fk and 
no injurious effect noted, is that everywhere, if a current 
he imagined to flow through the body, the direction of 
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its flow would be at right angles to the surface ; henee 
the body of the experimenter offersan enormous section 
to the current, and the density is very small, with the 
exception of the arm, perhaps, where the density may 
be considerable. But, if only a small fraction of that 
energy would be applied in such a way that a current 
would traverse the body in the same manner as a low 
frequency current, a shock would be received whi 
might be fatal, A direct or low frequency altemating 
current is fatal, I think, principally because its distrib 
tion through the body is not uniform, as it must divide 
itseli in minute streamlets of great density, whereby 
some organs are vitally injured. That such a process 
occurs [have not the least doubt, though no evidence 
night apparently exist, or be found upon examination, 
The surest to injure and destroy life is a continuous 
current, but the most painful is an alternating current of 
very low frequency. The expression of these views, 
which are the result of long continued experiment and 
observation, both with steady and varying currents, is, 
elicited by the interest which fs at present taken in this 
subject, and by the manifestly erroneous ideas whieh are 
daily propounded in journals on this subject 

I may illustrate an effect of the electrostatic force by 
another striking experiment, but before, I must call 
our attention 10 one or tyro facts. I have said before 
that when the medium between two oppositely electrified 
bodies is strained beyond a certain limit 
and, stated in popular language, the opposite electric 
charges unite and neutralize each other. This breaking 
down of the medium occurs principally when the force 
acting between the bodies i steady, or varies ata 
moderate rate, Were the variation sufficiently rapid, 
such a destructive break would not occur, no matter 
hhow great the force, for all the energy would he spent 
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in radiation, convection and mechanical and chemical | sees to te visible, but they always exist, consuming 
iredon. ‘Thus the spare length, oF greatest distance weak 0 modifying. the action of the apparms 








through which a sparé witl jump between the electrified energy maces a they are at. present, they produce 
Tralee is the smaller, the greater the variation or ume eae) ip great quantity. and also, as Professor Crookes 
ice. Tout ehis rake may be taken © be WME tte pointed ont, nitrous acid. So quick: is the chemical 
ig ates which are ee tat if a coil such as this one is worked for © 
Tong ime it will make the atmosphere of a small 
_ I very Hore carable, for the eyes and throat ars attacked: 
the effect produced by a rapidly varying and 2 steady 9 cer phen moderately produced, the streamers refresh 
moderately varying force. Thare here tvo large cireular { the atmosphere wonderfally, like a thunderstorm and 
Mane plates 7p (Fig. 62 and Fig. 6#), supported oo » the atmos sionably a beni effect 
Te thisexperiment the force acting between the plates 
changes in intensity and direction at a very rapid ra 
«art ow make the rate of change per unit af time much 
iwilen This I effect by tendering the discharges 
SIrouigh the primary of the induction coil Tes. frequent 
tira by diminishing dhe rapidity of the vibration j9 
and condary. ‘The former result is conveniently 
tne ged by Towering the electromotive force over the ait 
gapinthe primary civeut; the latter, by approaching the 
Pts qlates to a distance of about three or four 
‘shen, When the coil is set to work you Ses. 1 
areeers oF Tight between the plates, yet the medinrs 
sein theon ig under 2 tremendous strain. 1 still 
fanher augment the stain by raising the electromotive 
paren tke primary circuit. and soon you see the air 
tive way and the hal i illuminated by 2 shower of bril- 
inne and moigy sparks, 64, These sparks could be pro- 
rane so, with unvarying force. ‘They have been for 
sary years a familiar Phenomenon, though they Wee 
Teathiy obtained from entirely different apparatus T 
“Jecebing these two phenomena so racially different in 
Sppeaeance, I have advisedly spoken of @ “fares” acting 
TePseen the plates. It would be in accordance with 
meoepted views to say that there was an “alteroating 











rate of hk 
fa general way, when comp 
widely different. 

Twill show you by an experimen 
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movable insulating stands on the table, connected to the 
| saat the secondary of 2 similar coil to the one used 
{ etare, 1 place the plates ten or twelve inches apart 
| eer the coil to work. You see the whole space 
\ Teewecn the plates, nearly wo cubic fect, fled with 
| tetfonn light, Fig. 6x. This light is due to the 
\ aaicmere you bave seen in the first experiment, which 
sieear much more intense, 1 have already pointed 
\ are he importance of these streamers is. commerci) 
| Sprararus and their sill greater importance in sone 
\ werely seientifc investigations Often they ars 100 
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electromotive force" acting between the pl 
term is quite proper and applicable in all cases where 
there is evidence of at least a possibility of an essential 
interdependence of the electric state of the plates or 
electric action in their neighborhood ; but if the plates 
‘were removed to an infinite distance, or if ata finite dis 
tance, there is no probability or necessity whatever f 
such dependence. I prefer to use the term ‘electro- 
static foree,” and to say that such a force is acting 
aromnd each plate or electrified insulated body in gen- 
eral. There is an inconvenience in using this expres: 
sion, as the term incidentally means a steady electric 
condition; but a proper nomenclature will eventually 
settle this difficulty. 
1 now return to the experiment to which T have 
already alluded, and with which T desire to illustrate a 
striking effect produced by a rapidly varying electro- 
static force. Fattach to the end of the wire (Fig: 7), 
Which is in connection with one of the terminals of the 
secondary of the induction coil, an exhausted bulb, & 
‘This bulb contains a thin earbon filament, /, which is 
fastened 10 a platinum wire, «, sealed in the glass and 
leading outside of the bull, whi 
wire 2 The bulb may be exhausted to any degree 
attainable with ordinary apparatus. Just a moment 
hefore you have witnessed the breaking down of the air 
between the charged brass plates You know that 
ple of glass or any other insulating material would 
break down in like manner. Had [, therefore, 2 merailic 
conting attached to the outside of the bulb or placed 
near the same, and were this coating connected to the 
other terminal of the coil, you would be prepared to see 
the glass give way if the strain were sufficiently increased. 
Even were the coating not connected to the other ter 
minal, but to an insulated plate, still, if you have followed 
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recent developments, you would naturally expect @ rup- 
ture of the glass. 

But it will certainly surprise you to note that under 
the action of the varying electrostatic fores, the glass 
gives way when all other bodies are removed from the 
bulb. Ta fact, all the surrounding bodies we perceive 
night be removed to an infinite distance without affect 
ing the result in the slightest. When the coil is set to 
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work, the glass is incariab| 
or other narrow channel, and the vacuum is quiclely 
mpaired. Such a damaging breal: would not occur 
With a steady force, even if the same were many times 
greater, ‘The breale is dae to the agitation of the 
molecule: of the gas within the bulb, and outside of 
which is generally most 
violent in the narrow pointed channel near the seal, 


broken through at the seal, 








the same, This agitation, 
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causes a heating and rupture of the glas. The mpture 
would, however, not occur, not even with a varying 
force, if the medium filling the inside of the bulb, and 
that surrounding it were perfectly homegeneous. ‘The 
Drea oceurs much quicker if the top of the bull ic 
drawn out intoa fine fibre. In bulbs used with these 
coils such narrow, pointed channels must therefore be 
avoide 

When a conducting body is immersed 
similar insulating medium, consisting of, or containing. 
small, freely movable particles capable of heing electri 
fied, and when the electrification of the body is made to 
undergo a very rapid change—iwhich is equivalent to 
saying that the electrostatic force acting around the 
body is varying in intensity—the small particles are 
aitracted and repelled, and their violent impacts agains 
the body may cause a mechanical motion of the latter. 
Phenomena of this kind are noteworthy, inasmuch as 
they have not been observed before with apparatus such 
‘as has been commonly in use. Ifa very light conduct. 
ing sphere be suspended on an exceedingly fine wire, 
and charged to a steady potential, however high, the 
sphere will remain at rest. Even i the potential should 
‘be rapidly varying, provided that the simall particles of 
matter, molecules or atoms, are evenly distributed, no 
motion of the sphere should result. But if one side of 
the conducting sphere is covered with a thick insulating 
layer, the impacts of the particles will cause the sphere 
to move abont, generally in irregular curves, Fig, 82. 
In ike manner, as T have shown on a previous occasion, 
afan of metal sheet, Fig. 84, covered partially with 
insulating material as indicated, and placed upon the 
terminal of the coil so as to turn freely in it, is spun 
around. 

All these phenomena you have witnessed, and others 
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5 
which will be shown later are due to the presence of @ 
mediam like air, and would not occur in a continuous 
mediam, The action of the air may be illustrated still 
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etter by the following experiment. 1 take a glass 
tube ¢, Fig. 0, of about an inch in diameter, which has 
platinum wire zo sealed in the lower ens], and to which 
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is attached a thin lamp filament fT connect the 
with the terminal of the coil and set the coil to work. 
The platinum wire is now electrified positively and 
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negatively in rapid suecession, and the wire and airinside 
of the tuhe are rapidly heated by the impacts of the 
particles, which may be so violent as to render the file- 
ment incandescent. But if T pour oil in the tube, just 
as soon as the wire is covered with the cil, all action 
‘apparently ceases, and there is no marked evidence of 
heating. ‘The reason of this is that the oil isa practically 
continuous medium, ‘The displacements in such a con- 
tinuous meditim ate, with these frequencies, to all 
appearance incomparably smaller than in air, hence the 
work performed in such a medium is insignificant. But 
oll would behave very differently with frequencies many 
times as great, for even though the displacements be 
small, if the frequency were much greater, considerable 
‘work might be performed in the oil 

‘The electrostatic attractions and repulsions between 
bodies of measurable dimensions are, of all the mani- 
festations of this force, the first so-called electrical phe- 
nomena But, though they have been known to 
tus for many centuries, the precise nature of the mechan- 
ism concerned in these actions is still unknown to us, 
and has not been even quite satisfactorily explained, 
Whar kind of mechanism must that be? We cannot 
help wondering when we observe two magnets attracting 
and repelling exch other with a force of hundreds of 
pounds, with apparently nothing between them. We 
have in our commercial dynamos magnets capable of 
sustaining in mid-air tons of weight. But what are even 
these forces acting hetween magnets when compared 
With the tremendous attractions and repulsions produced 
by electrostatic force, to which there is apparently no 
limit as to intensity, ‘In Tightning discharges hodies are 
often charged to so high a potential that they are thrown 
away with inconceivable force, and torn asunder, or 
shattered into fragments. Still, even such effects cannot 
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compare with the attractions and repulsions which exist 
between charged molecules or atoms, and which are sufli- 
cient to project them with speeds of many kilometres a 
second, £0 that tnder their violent impact bodiesare ren- 
dered highly incandescent and are volatilized. Tt is of 
special interest for the thinker who inquires into the 
nature of these forces to note that, whereas the actions 
between individual molecules or atoms occur seemingly 
tunder any condition, the attractions and repulsions of 
hodies of measurable di ‘3 imply a medium pos 
sessing insulating properties. So, if air, either by being 
rarefied or heated, is rendered more or less conducting, 
these actions between two electrified bodies practically: 
cease, while the actions between the individual atoms 
continue to manifest themselves. 

An experiment may serve as an illustration and_as a 
‘means of bringing out other features of interest. Some 
ime ago T showed that a lamp filament or wire mounted 
in a bulb and connected to one of the terminals of a 
high tension secondary coil is set spinning, the top of 
the filament generally describing a circle, This vibra- 
tion was very energetic when the air in the bulb was at 
ordinary pressure, and became less energetic when the 
air in the bulb was strongly compressed ; it ceased alto- 
gether when the air was exhausted, so as to become com- 
paratively good conducting. I found at that time that 
no vibration took place when the balb was very highly 
exhausted. But I conjectured that the vibration which 
1 ascribed to the electrostatic action between the walls 
of the bulb and the filament should take place, also, in 
ighly exhausted bulb. ‘To test this: under conditions 
which were more favorable, a bulb like the 
to wasconstructed. It com 
of which was sealed a platinum wire, w, carrying a thin 
lamp filament, /, In the lower part of the globe a tube, 
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4 ‘vas sealed so as to surmound the filament. The 
exhaustion was carried s far as it was practicable with 
the apparatus employed. 

‘This bulb verificd my expectation, for the filament 
was set spi 9 the current was turned on, 
hecame ineand It also showed another inter 
ing feature hearings upon the preceding remarks, naraely, 
when the filament hud heen kept incandescent. some 
time the narrow tube and the space inside were brought 
toan elevated temperature, and as the gas in the tube 
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then Leeame conducting, the electrostatic attraction 
between the glass and the filament became very weak or 
ceased, and the filament came to rest. When it eame to 
rest it would glow far more intensely. This was prod. 
ably die to its assuming the position in the centre of 
the tube where the molecular bombardment was most 
intense, and also partly to the fact that the individual 
impacts were more violent, and that 10 part of the sup. 
plied energy was converted into mechanical movement, 

jn acoordance with accepted views, in this exper! 



































ment theineandescenas must be attributed to the impacts 
of the particles, molecules or atoms in the heated space, 
these particles must, therefore, in order to explain suel 
action, be assumed to behave as independent carriers of 
lectric charges immersed in an insulating medium ; yet 

is no attractive force beeween the glass tube and 
mich, because the space in the tube is, asa whole, 
conducting 
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is fest to observe in this conneetion 
that, whereas the attruction between wo electrified 
e, owing to the impairing of the insult 
ng power of the medium in which they are immersed, 
the repulsion ketween che bodies may atill be observed. 
may he ‘ plausible way. When the 
some distance in a poorly conductin 
medium, such as slightly warmed or mrefied air, and 
are suddenly clectriied, opposite electric charges. being 
imparted to them, these charges equalize more or less by 
leakage through the air, But if the hodies are similarly 
electrified there is less opportunity afforled for such 
dissipation, hence, the repulsion observed in such ease is 
greater than the attraction, Repulsive actions in a 
‘gascous medium are, however, as Professor Crookes has 
showa, eahaneed by molceulsr bombardment. 
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So far, | have considered principally effects produced 
by a varying elcutrostatic force in an insulating medium, 
such as air. When such a force is acting upon a ci 
ducting body of measurable dimensions it eauses within 
the same or on its suctace displacements of the elec. 
tivity, and gives rise to electric currents’ and these pro 
duce another kind of phenomens, some of which 1 shall 
presently endeavor to illustrate, In presenting this 
second class of clevtrical efecis I will avail myself prin. 









































cipally of such as are producible without any return ci 
cuit, hoping to interest you the more by presenting these 
Phenomena in a more or less novel aspect, 

It has been fora Jong time customary, owing to the 
limited experience with vibratory currents, to consider 
an electric eurrent as something cite 
conducting path. It was astonishing at first to realize 
that a current may low through the conducting path 
even if the latter be imernupted, and it was still more 
surprising to fearn that sometimes it may be even easier 
to muke a current flow under such conditions than 
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through a closed path. But that old idea is gradually 
disappearing, even among practical men, and vill soon 
be entirely forgotten, 

HT connect an insulated metal plate, », Fig. 11, to 
fone of the terminals ¥ of the induction coil by means of 
wire, though this plate be very well insulated, a current 
passes through the wire when the coil is set. to wor 
First, [ wish to give you evidence that there is a current 
passing through the connecting wire, An obvious way 
of demonstrating’this s to insert between the terminal of 
the coil and the insulated plate a very thin platinum or 














German silver wire, se, and bring the latter to incan- 
descence or fusion by the current. This requires a 
rather large plate or else current impulses of very high 
potential and frequency. Another way is to take a coil, 
i. 11, containing many turns of thin insulated wire, 
ad to insert the same in the path of the current to the 
plate, When I connect one of the ends of the coil to 
the wire leading to another insulated plate, r and its 
other end to the terminal 7, of the induetion ccil, and 
set the latter to work, a current passes through the 
inserted coil c, and the existence of the current may be 
made manifest in various ways. For instance, I insert 
iron core, #, within the coil. The current being one 
of very high frequency, if it be of some strength will 
svon bring te iron core toa noticeably higher tempera- 
ture, as the hysteresis and current losses are great with 
such high frequencies. One might take a core of some 
e-Jaminated or not, it would matter lite—but ord 
nary iron wire onesixteenth or one-eighth of an inch 
thick is suitable for the purpose, While the induction 
coil is working, a current traverses the inserted coil, and 
ly a few moments are sufficient to bring the iron wire 
# to an elevated temperature sufficient to soften the 
sealing wax ¢ and cause a paper washer A, fastened by 
itto the iron wire, to fall off. But with the apparatus, 
as Ihave here, other much more interesting 
demonstrations of this kind can he made. I have a 
ndary s, Fig, 12, of coarse wire. wound upon a coil 
ilar to the first. In the preceding experiment the 
current through the coil ¢, Fig. 11, was very small, but, 
there being many turns, a strong heating effect was, 
nevertheless, produced i the iron wire. Had I pasted 
that curtent through a conductor, in order to show the 
heating of the latter, the current’ might have been too 
small to produce the effect desired. But with this coit 
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provided with a secondary winding, I can now transform 
the feeble current of high teusion which pusses through 
the primary into a strong secondary current of low 
Wd this current will quite certainly do what 1 
Tn a small glass tube, ¢, Fig. 12, 1 
coiled platinum wire, e, this merely in orde: 
end of the gla 
minal of stout wire, to which one of the ends of the 





tension, 
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platinam wire, 2, isconnected. 1 join the terminals of 
the secondary coil to these terminals and insert the 
prim insulated plare », and the 
terminal 1 of the on coil as before. The latter 
1 set to work, the platinum wire, 2, is instantly 


‘A. between th 











Jered incandescent, and can be fused, even if it he 

y thick, 

Instead of the platinum wire I now take an ordinary 

Gfty-vole sixteen candle power lamp. When I set the 

Induction coil in operation the lamp filament is broug 

fo high incandeseence. It is, however, not necessary 

to use the insulated plate, for the lamp f, Fig, 13, is 

rendered 

xed, The secondary may also be connected to the 
indiested by the dotted line in Fig. 13, to 














weandescent even if the plate 1, be disc 











do away more or less with the ¢lectrostatie induetion 
‘or to modify the action otherwise 
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I may here call attention toa number of interesting: 
observations with the lamp. First, T disconnect one of 
the terminals of the lamp from the secondary s. When 
the induction coil plays, a glow is noted which fills the 
whole bulb, This giow is due to electrostatic induction. 
Tt increases when the bulb is grasped with the hand, 
and the capacity of the experimenter’s body thus added 
to the secondary circuit, The secondary, in effect, is 
‘equivalent to a metallic coating, which would be placed 
near the primary. If the secondary, or its equivalent, 
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the coating, were placed symmetrically to the primary, 
the clectrostatie induction woukl be i? under ordinary 
conditions—that is, when a primary return circuit is 
used—as both halves would neutralize each other, ‘The 
secondary és in fact placed symmetrically to the primary, 
but the action of both halves of the latter, when only 
fone of its ends is connected to the induction coil, is 
not exactly equal ; hence electrostatic induction takes 
place, and hence the glow in the bulb. I can neasly 
equalize the action of both halves of the primary by 














4 
connecting the other free end of the same 
insulated plate, as in the preceding experiment. 
the plate is connected, the glow disappears. 

smmaller plate it would not entirely disappear, and then 
it would contribute to the brightness of the filament 
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when the secondary is closed, by warming the air in 
the bulb, 

To demonstrate another interesting feature, T have 
adjusted the coils used in a certain way. [ first connect 
hhoth the terminals of the lamp to the secondary, one 
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end of the primary being connected to thé terminal ry 
of the induction coil, and the other to the insulated plate 
6S before. When the current is tured on, the lamp 
slows brightly, as shown in Fig. 144, in which ¢ is a 
fine wire coil and s a coarse wire secondary wound upon 
it, If the insulated plate r, is disconnected, lea 
the ends @ of the primary i 
lark, or generally it diminishes in. brightness 
Fig. 14a). Connecting again the plate 1, and raisi 
the frequeney of the current, I make the filament quite 
dart or barely red, Fig. 154 Once more T will discon- 
neet the plate. One will, of course, infer that when the 
plate is disconnected, the current through the primary 
will be weakened, that therefore the electromotive force 
will fall in the secondary s, and that the brightness of 
the lamp will diminish. This might be the case, and 
the result can be secured by an easy adjustment of the 
coils; also by varying the frequency and potential of the 
currents, But itis perhaps of greater interest to note 
that the lamp increases in brightness when the plate is 
disconnected (Fig. 15a). In this case all the energy the 
primary receives is now sunk into it, like the charge of 
1 battery in an ocean cable, but most of that energy is 
recovered through the secondary and used to Tight the 
lamp. ‘The current traversing the primary is strongest. 
at the end é, which is connected to the terminal 7 of 
the induction coil, and diminishes in strength towards the 
remots end a. But the dynamic inductive effect exerted. 
upon the secondary s is now greater than befor: when 
the suspended plate was connecied to the primary. 
These results might have been produced by a number of 
c, the plate », being connected, the 
reaction from the coil c may be such as to diminish the 
potential at the terminal 7, of the induction coi 
therefore weaken the current throtigh the primary 
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of the coil © Or the disconnecting of the plate 
may diminish the capacity effect with relation to 
the primary of the latter coil to such an extent that the 
current through itis diminished, though the potential at 
the terminal 1, of the induction coil may be the same 
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or even higher. Or the result might have been pro- 
duced by the change of phase of the primary and 

lary currents and c 
chief determining factor is the relation of the self-indac~ 
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tion and capacity of coil c and plate »,, and the fre- 
quency of the currents The greater brightness of 
the filament in Fig. 15a, is, however, in part due to the 
heating of the ruefied gas in the lamp by electrostatic 
nduction, whieh, as before remarked, is greater when 
the suspended plate is disconnected. 

Suill another feature of some interest I may here 
boring t0 your attention, When the insulated plate is 
disconnected and the secondary of the coil opened, by 
approaching a small object to the secondary but very 
small sparks can be drawn from it, showing that the 

Rot upon 
the secondary being closed upon itself or through the 
lamp, the filament glowing brightly, strong sparks are 
abtained from the secondary. The electrostatic induc- 
1 is naw much greater, because the closed secondary 
determines a greater flow of current through the primary. 
and principally through that half of it which is connected 
to the induction coil. If, now, the belb be grasped with 
the hand, the capacity of the secondary with reference to 
the primary is augmented by the Experimenter's body 
and the luminosity of the flament is increased ; the incan- 
escence now being due partly to the flow of current 
through the filament, and partly to the molecular bom- 
baniment of the rarefied gas in the bulb, 

he preveding experiments will have prepared one 
for the next following results of interest obtained in the 
course of these investigations, Since I can pass a cur- 
rent through an insulated wire by merely connecting one 
of is ends to the source of electrical energy; since T can 
nduce hy it another curtent, magnetize an iron core, and, 
n short, perform all operations as though a return circuit 
were used, clearly I ean also drive a motor by the aid of 
only onewite. On a former occasion T have described 
a simple form of motor, comprising a single exciting 
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coil, an iron core and disc. Fig. 16 illustrates a modified 
pe way of operating sich an 
Xs alternate current motor by 
currents induced in a trans- 

former connected toonelead, 
and several other arrange- 
its for oper 

ating a certain class of alter- 
nate motors founded on the 
action of currents of differing 
phase. Tn view of the present 
state of the art, itis thought 
sufficient to describe these 
arrangements in a few words 
only, In the diegram, Fig. 
1611 shows a primary coil 
», connected with one of its 
ends to the line 1, leading 
from a high tension trans 
former terminal, 1} In 
inductive relation to this 
primary is a secondary s, 
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currents sec- 
ondary energize the iron 
core #, which is preferably, 
but not necessarily, sub- 
divided, and set the metal 
dise / in rotation. Such a 
motor, ity as diagrammatic- 
ally shown in Fig. 16 11, 
has been called a “mmg- 
netic Jag motor.” but this 
expression may be objected to by those who attri 
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tie the rotation of the dise to eddy currents circu 
lating in minute paths when the core 7's finally subdi- 
vided. Tn order to operate such a motor effectively on 
the plon indicated, the frequencies should not be too 
fhigh-—not more than four or five thousand—though the 
rotation is produced even with ten thousand per second 





Tn Fig. 16 1, a motor ot, having two energizing 
circuits, 4 and 1h i diagrammatically indicated. The 
circuit a is connected to the Hine 1, and in series with it 
js a primary p, which may have its free end connected 
to an insulated plate », such connection being indicated 
by the dotted lines. The other motor circuit » is 
connected to the secondary s which is in inductive 
relation to the primary r. When the transformer 
terminal 7, is altemately electrified, currents traverse 
the open Tine Land also circuit 4 and primary r. ‘The 
currents through the latter induce secondary currents 
in the circuit s, which pass through the energizing coil 
bof the motor. ‘The currents throwghj the secondary s 
‘and those through the primary v differ in phase ninety 
egress, or nearly so, and are capable of rot 
armature placed in inductive relation to the 
sand B. 

In Fig. 16 II, a similar motor aty 
giaing cicaits 4 and mp is illustrated. A. primary P, 
Connected with one of its ends to the line 1, has a 
Secondary 5, which is preferably wound for a tolerably 
high electromotive feive, and to which the two ener- 
giting circuits of the motor are connected, one directly 
to the ends of the secondary and the other through a 
condenser c, by the action of which the currents 
traversing the circuit a, and % are made to differ in 
phase 

In Fig, 16 IV, still another arrangement is shown, 

































































In this cise two primaries 1 and Pare connected to 
the line 1, one through a condenser ¢ of small capacity, 
and the other directly. The primaries are provided 
with secondaries s, ands, which are in series with 
the energizing citcuits 4, and and a motor ity the 
condenser ¢ ayain serving 1 produce the requisite 
difference in the phase of the currents traversing the 
motor circuits, As sich phase motors with wo or 
more circuits are now well known in the art, they 
have been bere illustrated diagrammatically. No dift- 
eulty whatever is found in operating a motor in the 
manner indicated or in similar ways, and although such 
experiments up to this day present only scientific 
interest, they may at a period not far distant be carried 
cout with practical objects in view. 

Ic is thought useful to devote here a few remarks to 
the subject of operating devices of all kinds by means 
of only one leading wire, It is quite obvious that 
when high frequency currents are made use of, ground 
connections are—at least when the electromotive force 
fof the currents i great—better than a return wi 
Such ground connections are objectionable with steady 
or low frequency currents, on account of destructive 
chemical retions of the former, and disturbing influences 
exerted by both on the neighboring circuits; but with 
jencies these actions practically do not exist. 
Still even ground connections become superfluous when 
the electromotive force is very high, for soon a con- 
dition is reached when the current may be passed more 
economically through open than through closed 
conductors. Remote as might seem an industrial 
application of such single wire transmission of energy 
to one not experienced in such fines of experiment, it 
will not seem so to anyone who for some time has 
cartied on investigations of such nature Indeed, 1 
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cannot see why such a plan should not be practicable, 
Nor should it be thought that for carrying out such a 
plan currents of very high frequency are implicitly 
required, for just as soon as potentials of, say, 30,00 
volts are used, the single wire transmission may be 
effected with low frequencies, and experiments have 
teen made by me from which these inferences are made. 

When the frequencies are very high, it has been 
found in lboratory practice quite easy to regulate the 
effects in the manner shown in diagram, Fig. 17. Here 
‘ovo primaries, rand ry are shown, each connected with 
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one of its ends to the line 1, and with the other end to 
the condenser plates ¢ and ct, respectively. Near these 
are placed other condenser plates, ¢ c'y the former 
being connected to the line 1 and the latter to an 
insulated larger plate °,. On the primaries are wound 
secondaries $ and §,of coarse wire, connected to the 
devices me and d respectively. By varying the distances 
‘of the condenser plates c and c', and cy and c?, the 
currents through the secondaries 5 and s, are varied in 
intensity. ‘The curious feature is the great sensitive: 
ness, the slightest change in the distance of the plates 
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producing considerable variations in the intensity or 
Strength of the currents, The sensitiveness may be 
rendered extreme by making the frequency such that 
the primary itself, without any plate attached to its free 

1, satis conjunction with the closed secondary, 
the condition of resonance, Tn. such condition an 
‘extremely small change in the capacity of the free terminal 
produces great variations. For instanec, I have been 
able to adjust the conditions so that the mere approach 
of a person to the coil produces a considerable change in 
the brightness of the lamps attached to the secondary 
Such observations and experiments possess, of course, at 























present chiely scientific interest, but they may soon 
hecome of practical importance. 
Very high frequencies are, of course, not practicable 


with motors, on account of the necessity of employing 


fron cores, But one may use sudden discharges of 
low frequency, and thus obtain certain advantages of 
high frequency curcents without rendering the iron 
core entirely incapable of following the changes, and 
without entailing a very great expenditure of energy 
in the core. I have found it quite practicable to 
‘operate with such low frequency disruptive discharges 
of condensers alternating current motors. A certain 
class of such motors which I advanced a few years ago, 
which contain closed secondary circuits, will rotate 
quite vigorously when the discharges are directed 
through the exciting coils One reason that such a 
motor operates so well with these discharges is that 
the difference of phase between the primary and 
secondary curremts is ninety degrees, which is generally 
not the case with harmonically ‘rising and falling: 
currents of low frequenes, Lt mi 














he not be without 
interest to show an experiment with a simple motor 
of this kind, inasmuch as it is commonly thought that 
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disruptive discharges are unsuitable for such purposes. 
The motor is illustrated in Fig. 18. It comprises a 
rather lange iron core /, with slots on the top into which 
are embedded thick copper washers ¢ In proximity 
to the core isa freely movable metal dise p. ‘The core 
is provided with a primary exciting coil c, the ends « 
and 6 of which are connected to the terminals of the 
secondary $ of an ordinary transformer, the primary » 
of the latter being connected to an alternating distri 
bution circuit or generator o of low or moderate 
frequency. . The terminals of the secondary sare 
attached to a condenser c, which discharges through 
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an air gap dd, which may be placed in series or shunt 
to the coil c When the conditions are properly 
chosen the dise » rotates with considerable effort, and 
the iron core # does not get very perceptibly hot. 
With currents from a high frequency alternator, on the 
contrary, the core gets rapidly hot, and the dise rotates 
with a much smalier effort To perform the experi- 
ment properly it should be first ascertained thar the 
disc p is not set in rotation when the discharge is not 
oceurring at @ d, It is preferable to use a large iron 
core and a condenser of large capacity, so 2s 10 bring 
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the superimposed quicker oscillation to a very low 
pitch, or to do away with it entirely. By observing. 
certain elementary rules T have also found it practicable 

jes o shunt direct current motors 











to openate ordinary 
with such di 





ruptive discharges, and this can be done 














Among the various current phenomena obser 
perhaps the most interesting are th 
presented by conductors to currents vary 
rate. In my first paper before the Ame 
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of Electrical Engincers I have described a few striking 
observations of this kind, Thus T showed that when 
stich eutrents or sudden discharges are passed through a 
thick metal bar, there may be points at the bar only a 
fev inches apart which have a sufficient potential differ- 
fence between them to maintain at bright ineandescence 
an ordinary flament lamp. I have also ascribed the 
curious behavior of rarefied gas surrounding a con- 
ductor to such sudden rushes of current. These phe- 
nomena hae been sinee more carefully studied, and one 
for two novel experiments of this kind are deemed of 
sulficient interest to be described here. 
tog, and B, are very stout 
lower ends to plates c and 
‘of a condenser, the opposite plates of the 
later being connected to the terminals of the secondary 
s of a high tension transformer, the primary of which 
is supplied with alternating currents from an ordinary 
low frequency dynamo, ¢, or distribution circuit. “The 
condenser diseharges through an adjustable gap, dd, as 
establishing a rapid vibration it was found 
¥ to perfor the following curious experiment : 
The bars and y were joined at the top by a low volt- 
age lamp, &; a littke lower was placed by means of 
fiy-volt amp, 4 and still lower another 
It lamp, Zand, finally, at a certein distance 
below the latter lamp an exhausted tube, 7. By carefully 
determining the positions of these devices it was found 
practicable to maintain them all at their proper illuminat. 
ing power. Vet they were all connected in. multiple are 
to the two stout copper bars, and required widely difler- 
pressures. This experiment requires, of course, 
some time for adjustment, but is quite easily performed. 
In Figs. 196 and 196, two other experiments are illus- 
trated which, unlike the previous experiment, do not 
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require very careful adjustments. In Fig. 208 wo 
Jamps, 6 and 4 the former a hundred-volt and the latter 
a filty-volr are placed in certain positions, as indicated 
the hundredvolt lamp being below the ffty-volt lamp. 
When the are is playing at a ¢, and the sudden dis 
charges passed through the bars a, the fifty-volt lamp 
will, as a rule, burn brightly, or, at Teast, this result is 
easily secured, while the hundred-role lamp will burn 
very low or remain quite dark, Fig, 198 Now, the 
bars n » may be joined at the top by a thick crossbar bm 
and it is quite easy to maintain the hundred-volt lamp at 
full candle power, while che fity-volt lamp remains dere, 
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Fig. 196 These results, as 1 have pointed out pre- 
viously, should not be considered to be due exactly to 
frequency, but rather to the time rate of change, which 
may be great even with low frequencies A great many 
other results of the same kind, equally interesting, 
especially to those who are only used to manipulating 
steady currents, may be obtained, and they afford precious 
clues in investigating the nature of electric currents 

In the preceding experiments 7 lave already had 
‘occasion toshow some light phenomena, and it would be 
now proper to study these in particular; but 10 make 
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this investigation more complete, I think it necessary to 
first make a few remarks on the subject of electrical 
resonance, which has to be always observed in carrying 
out these experiments, 


The effects of resonance are being more and more 
noted by engincers, and are becoming of great import- 
ance in the practical operation of apparatus of all kinds 
with alternating currents, A few general remarks may, 
therefore, be made concerning these effects. It is clear 
that if we succeed in employing. the effects of FeSonaNCE 
practically in the operation of electric devices, the return 
‘wire will, as a matter of course, become unnecessary, for 
the eclectrie vibration may be conveyed with one wire 
just as well as, and sometimes even better than, with 
two. The question first to answer is, then, whether 
pure resonance effects are producible. Theory and 
‘experiment both show that such is impossible in Nature, 
for es the oscillation becomes more and more vigorous, 
the losses in the vibrating bodies and environing media 
rapidly increase, and necessarily cheek the vibration, 
which otherwise would go on increasing forever. It is 
a fortunate circumstance that pure resonance is not pro- 
ducible, for if it were’ there is no telling what dangers 
might not lie in wait for the innocent experimenter. 
But, to a certain degree, resonance is producible, the 
magnitude of the effects being limited by the imperfect 
comiuctivity and imperfect elasticity of the media, of, 
generally stated, by fictional losses. The smaller these 
lesses, the more striking are the elleets. The same is 
the case in mechanical vibration, A stout stec! bar may 
be set in vibration by drops of water falling upon it at 
proper intervals; and with glass, which is more perfectly 
chstic, the resonance effect is still more remarkable, for 
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a goblet may be burst by singing into it a note of the 
proper pitch, ‘The eketrical resonance is the more 
perfectly attained, the smaller the resistance or the 
impedance of the condueting path, and the more perfect 
the dielectric. Ina Leyden jar discharging through a 
short stranded cable of thin Wires, these requirements 
are probably best fulilled, and the resonance eflects 
are, therefore, very prominent. Such is not the case 
with dy wachines, transformers and their circuits, 

th commercial apparatus in general, in which the 
presence of iron cores complicates or renders impossible 
the action. In regard to Leyden jars, with which reso- 
nance effects are frequently demonstrated, I would say 
that the effects observed are often atfrzbited, but are 
seldom de, to true resonance, for an error is quite easily 
made in this respect. This may be undoubtedly demon- 
sirated by the following experiment: Take, for instance, 
two large insulated metallic plates or spheres. which 
shall designate 9 and; place them at a certain small 
distance apart, and charge them from a frictional or 
influence machine to a potential so high that just a slight 
increase of the difference of potential between them will 
cause the small air or insulating space to break down. 
Thi reached by making a few preliminary trials. 
If, now, another plate—fastened on an insulating handle 
and connected by a wire to one of the terminals of a 
high tension secondary of an induction coil, which is 
maintained in action by an alternator (preferably high 
frequency)—is approached to one of the charged bodies 
‘A OF ¥, SO as to be nearer to either one of them, the 
discharge will invariably occur between them’: at least 
it wil if the potential of the coil in connection with the 
plate is sufficiently high, But the explanation of this 
will soon be found in the fact that the approached plate 
acts inductively upon the bodies 4 and 3, and causes @ 
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spark to pass beuveen them, When this spark occurs, 
the charges which were previously imparted to these 
bodies from the influence machine must neods be lost, 
since the bodies are brought in electrical connection 
through the arc formed. Now, this are is formed 
whether there be resonance or not. But even if the 
spark would not be produced, still there is an alternating 
clectromotive force set up between the hedies when the 
GE 1s SEN tear one lor Shere: terete. IRE 
approach of the plate, if it does not always actually, will 
at any rate, end to break down the air space by 
Instead of the spheres or plates 4 and 
the coatings of a Leyden jar with the 
me result ; and in place of the machine, which is a 
high frequency alternator preferably, because it is more 
ble for the experiment and also for the argument, 
we may take another Leyden jar or battery of jars, 
When such jars are discharging through a circuit of 
low resistance, the same is traversed by currents of very 
high frequeney. The plate may now be connected to 
cone of the coatings of the second jar, and when it is 
brought near to the first jar just previously changed to a 
high potcatial from an influence machine, the result is 
the sume as hefore, and the first jar will discharge 
through a small air space upon the second being 
caused to discharge. But both jars and their 
cuits need not be tuned any* closer than a basso 
profando is to the nore produced by a mosquito, as 
small sparks will be produced through, the air space, 
‘or, at least, the latter will be considerably more strained, 
1g up of an alternating electromotive 
which takes place when one of the 
harge. Again, another error of a 
Similar nature ly made. If the cireuits 
fof the two jarsare run parallel and close together, and 










































































the experiment has been performed of discharging one 
by the othe 
of the cireuits, whereupon the experiment does not 
succeed, the conclusion that this is due to the fact that 
the circuits are now not tuned would be far from being 
safe; for the two circuits act as condenser coatings, 
and the addition of the coil to one of them is equivalent 
te bridging them, at the point where the coil is placed, 
Ly a small condenser, and the effect of the latter might 
be to prevent the sp om jumping through the 
discharge space by diminishing the alternating electro. 
‘motive force acting across the same, All these remarks, 
and more which might be added but for fear 
‘of wandering too far from the subject, are made with 
the pardonable intention of cautioning the unsuspecting 
student, who might gain an entirely unwarranted opinion 
‘of his skill when seeing every experiment suczeed ; but 
they ate in no way thrust upon the experienced as novel 
observations 

Tn order to make reliable observations of clectric 
resonance effects it 18 very desirable, if not necessary, to 
employ an alternator giving currents which rise and fall 
harmonically, as in working with makeand-break custents 
the observations are not abvays trustworthy, since many 
phenomena which depend on the rate of change may 
he produced with frequencies widely different. Even 
when making such observations with an alter 
is apt to be mistaken, When a circuit is connected to 
an alternator there are an infinite number of values for 
Capacity and seltinduetion which, in conjunction, will 
satisfy the condition of resonance. So there are in 
ncchanies an infinite number of tuning-forks which will 
respond to a note of 2 certain pitch, or loaded springs 
which bave a definite period of vibration, But the 
resonance will be most perfectly attained in that case in 


nd -now a coil of wire be added to one 
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which the motion is effected with the greatest freedom. 
Now, in mechanics, considering the vibration in the 
common medium—that is, air—it is of comparatively 
little importance whether one tuning-fork be somewhat 
larger than another, because the losses in the air are not 
very considerable. “One may, of course, enclose a tuning- 
fork in an exhausted vessel, and by thus reducing the air 
resistance to a minimum obtain better resonant action. 
Still, the difference would not be very great. But it 
would make a great difference if the tuning-fork were 
immersed in mercury. In the electrical vibration it is of 
‘enormous importance to arrange the conditions so that 
the vibration is effected with the greatest freedom. The 
magnitude of the resonance effect depends, under other 
wise equal conditions, on the quantity of electricity set 
i motion, or on the strength of the current driven 
through the circuit. But the ‘opposes the passage 
of the currents by reason oF its impedance and, there 
to secure the best action, itis necessary to reduc 
imam, It is impossible to over- 

Jy, but merely in part, for ohmie resistance 
cannot be overcome. But when the frequency of the 
impulses is very great, the low of the current is practi 
cally determined by selfndvetion. Now, self-induetion 
ean be overcome by combining it with eapacity. If the 
relation between these is such that at the frequency used 
they annul each other—that is, have such values 
satisfy the condition of resonanec—and the greatest 
quantity of electricity is made to flow through the 
external circuit, then the best result is obtained. It is 
simpler and safer to join the condenser in series with the 
self-induction, It is clear that in such combinations 
there will be, for a given frequency, and considering 
only the fundamental vibration, values which will give 
the best result with the condenser in shunt to the self 
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induction eoil; of course, more such values than with 
the condenser tions deter 
mine the selection, In the latter ease, in performing 
the experiments, one may take a small self-induction 
and a lange eapacity, or a small capacity and a large sel 
induction; but the latter i preferable, hecause 

jent to adjust large capacity by small steps. 
By taking a coil with a very larige seltinduction, 
the critical capacity is redveed to a very small value, 
and the capacity of the coil itself may be sufficient, 
It is easy, especially by observing certain artifices, to 
wind a coil through which the impedance will be 
reduced to the value of the ohmic resistance only; and 
for any coil there is, of course, a frequency at WI 
the maximum current will be made to pass through the 
coil. The observation of the relation between self- 
induction, capacity and frequency is becoming important 
in the operation of alternate current apparatus, such as 
transformers or motors, because by a judicious determi- 
nation of the elements the employment of an expensive 
condenser becomes unnecessary. ‘Thus it is possible 
to pass through the coils of an alternating current 
motor, under the normal working conditions, the 
required current with a jow electromotive force, and do 
aquvay enitrely welll the Sls8.cusrent, widl the antye Vk 
motor the easier such a plan becomes practicable; but 
it is necessary for this to employ currents of very high 
potential or high froqueney. 

In Fig, 20 [, is shown a plan which has been 
followed in the study of the resonance effects by means 
fof a high frequency alternator. © is a coil of many 
turns which is divided in small separate sections for 
the purposes of adjustment. The final adjustment was 
made sometimes with a few thin iron wines (though 
this is not always advisable), or with a closed secondary. 
‘The coil ¢ is connected with one of its ends to the 
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linet from the altemator 6, and with the other end 
toone of the plates cof a condenser ca, the plate (a) 
of the latter being connected toa much larger plate 1 
In this manrier, both capacity and Selt-induetion were 
adjusted to suit the dynamo frequency. 

‘As regards the rise of potential through resonant 

mm, of course, theoretically, it may amount to 
thing, since it depends on self-induction and resist- 
ance, and since these may have any value. But in 
practice one is limited in the selection of these values, 
and, besides these, there are other limiting causes. One 
may start with, say, 1,000 volts, and raise the clectro- 
motive force to fifty times that value, bat one cannot 
start with 100,000 and raise it to ten times that value, 
because of the losses in the media, which are great, 
‘especialy if the frequency is high. It should be possible 
to start with, for instance, two volts from a high or low 
frequency circuit of a dynamo, and raise the electromo 
tive forve to many hundred times that value. Thus coils 
of the proper dimensi b with 
only one of its ends to the mains from a machine of low 
electromotive force, and though the circuit of the 
machine would nat he closed, in the ortinary acceptance 
fof the term, yet the machin: might be burned out if a 
proper resonance effect would be obtained. I have not 
been able to produce, nor have T observed with currents 
from the dynamo machine, such great rises of potential, 
It is possible, if not probable, that with currents obtained 
from apparatus containing ion, the disturbing influence 
of the latter is the cause that these theoretical possibili- 
ties cannot be realized, But if such is the case, [ 
attribute it solely to the hysteresis and Faucault current 
esses in the core. Generally, it was necessary to 
tminsform upward, when the electromotive force was 
very low, and an ordinary form of induction coil was 
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usually employed; but sometimes the arrangement 
illustrated in Fig. 20 TL has been found to be conven- 
In this case, a coil _c is made in a great many 
ns, a few of these being used as the primary. In 
this manner, both primary and secondary are adjust 
able, One endl of the coil is connected to the line t 
from the alternator, and the other line 1. is connected to 
point of the coil, Such a coil, with 
ary and secondary, will be found also 
convenient in experiments with the disruptive disckarge. 
‘When true resonance is obtained, the top of the wave 
must, of course, be on the free end of the coil, a, for 
instance, at the terminal of the phosphorescence balb 1, 
This is easily recognized by observing the potential of a 
point on the wire w near to the coil, * 

In conneetion with resonance effects and the prob- 
lems of transmission of energy over a single conductor, 
which was previously considered, 1 would say a few 
words on a subject which constantly fils my thowghts, 
and which concerns the welfare of all. I mean the 
transmission of intelligible signals, or, perhaps, even 
power, to any distance without the use of wires. T am 
becoming daily more convinced of the practicability of 
the scheme; and though I know full well that the great 
majority of scientific men will not believe 

Jults ean be practically and immediately realizet, yet 1 
think that all consider the developments in recent yemrs 
hy a number of workers to have been such as to encour- 
age thought and experiment in this direct 
viction has grown so strong that I no longer look upon 
this plan of energy or intelligence transmission as a mere 

a serious problem in elec- 
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natural outcome of the most recent results of electrical 
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investigations. Some enthusiasts have expressed their 
belief that telephony to any distance by induction 
through the air is possible. I cannot stretch my imagin- 
ation so far, but I do firmly believe that it is practicable 
to disturb, by means of powerful machines, the electro- 
static condition of the earth, and thus transmit intelli- 
sible signals, and, perhaps, power. In fact, what is 
there against the carrying out of such a scheme? _V 
now know that electric vibration may be transmitted 
through a single conductor. Why, then, not uy toavail 
ourselves of the earth for this puxpose? We need not 
he frightened by the idea of distance. To the weary 
wanderer courting the mile-posis, the earth may appear 
very large; but to that happiest of all men, the astrono- 
mer, who gazes at the heavens, and by their standard 
judges the magnitude of our globe, it appears very 
Small. And so I think it must seem to. the electrician 
for when he considers the speed with which an electric 
disturbance is propagated through the earth, all his ideas 
of distance must completely vanish 

‘A point of great importance would be first to. know 
whats the capacity of the earth, and what charge does 
it contam if electrified. Though we have no positive 
tevidence of a charged body existing in space without 
other oppexitely electrified bodies being near, there is a 
fair probability that the earth is such a body, for by 
whatever process it was separated from other bodies— 
‘and this isthe accepted view of its origin—it must have 
retained a charge, as occars in all processes of meclan- 
If it be a charged body insulated in 
should be extremely small—tess than 
jousandth of a farad, Bat the upper strata of the 
fiir are conducting, and so, perhaps, i the mediam 
free space beyond the atmosphere, and these may contain 
‘an opposite charge, ‘Then the capacity might be incom 
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parably greater. In any case, itis of the greatest impor. 
tance to get an idea of what quantity of electricity the 
earth contains, It is diffienle to say whether we shall 
ever acquire this necessary knowledge, but there is hope 
that we may, and that is by means of electrical reso 
nance, If ever we can ascertain at what period the 
earth's charge, when disturbed, cscillates with respect t0 
in oppositely clectrfied system or known circuit, we 
shiall know a fact possibly of the greatest importance to 
the welfare of the human race. I propose to see 
the period by means of an electrical oscillator or a 
source of alternating electric currents. One of the 
terminals of the source would he connected to earth, as, 
for instance, to the city water mains, the other to an 
insulated body of Iarge surface. ~It is possible that the 
‘outer conducting air strata or free space contains an 
‘opposite charge, and that, together with the earth, they 
form a condenser of very lange capacity, In such case 
the period of vibration may be very low,and an alternat- 
ing dynamo machine might serve for the purpose of the 
experiment. I would then transform the current to a 
potential as high as it would be found possible, and con- 
rect the ‘ends of the high tension secondary to the 
ground and to the insulated body. By varying the fro= 
quency of the currents, and carefully observing the 
potential of the insulated body, and watching for the 
disturbance at various neighboring points of the earth's 
surface, resonance might be detected. Should, as the 
majority of scientifie men in all probability believe, 
period be extremely small, then a dynamo machin 
Woilld not do, and a proper ckctrical oscillator would 
have to be produced, and perhaps it might not be pos: 
sible to olitain such rapid vibrations But whether 
this be possible or not, and whether the earth con- 
tains a charge or not, and whatever may be its period 
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of vibration, it certainly is possible—for of this we 
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have daily evidence—to produce some 
lectrieal disturbance sufficiently power- 
ful to be perceptible by svitable inseru- 
ments at any point of the earth's surface. 

‘Assume that a source of alternating 
currents, s, be connected, as in Fig, 21, 
with one of its terminals to earth (con- 
venient to the water mains), and witl 
the other to a body of large surface, r. 
When the electric oscillation is set up, 
there will be a movement of electricity in 
and out of », and alternating currents will 
pass through the carth, converging to or 
diverging from the point c, where the 
ground connection is made, Tw this rm 

















th with the distance, and the dis 
tance at which the effect will still be 
perceptible will depend on the quantity 
of electricity set in motion. Since the 
body r is insulated, in order to displace a 
considerable quantity the potential of the 
source mist he excessive, since there 
would be limitations as to the surface of 
ns might be adjusted so 
that the generator or source, 5, will set up 
the same electrical movement as though its 
circuit were closed. Thus itis certainly 
practicable to impress an clectric 
tion, at least of a certain low period, 
upon the earth by means of proper 
‘At what distance such a vibration might 
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be made perceptible can only be conjectured, I have 
‘on another occasion considered the question how the 
earth might behave to electric disturbances, There is 
rho doubt that, since in such an experiment the electrical 
density at the surface could be but extremely small, con- 
sidering the size of the earth, the air would not act as 2 
very disturbing factor, and there would be not much 
energy lost through the action of the air, which would 
se if the density were great. ‘Theoretically, 
then, it could not require a great amount of energy to 
produce a disturbance perceptible at great distance, or 
even all over the surface of the globe. Now, it is quite 
certain that at any point within a certain radius of the 
1a properly adjusted self-induetion and capacity 
device can be set in action by resonance, But not only 
ean this be done, but another source, s,, Fig, 21, similar 
to sor any number of such sources, ean be set to work 
in synchronism with the latter, and the vibration thus 
intensified and spread over a large area, or a flow of 
dectricity produced to or from the source sy, if the 
‘sime be of opposite phase to the sources. 1 think thar, 
beyond doubt, itis possible to operate eletrical deviees 
inva city, through the ground or pipe system, by res0- 
hance from an electrical oscillator Tocated at a central 
point, But the practical solution of this problem would 
he of incomparably smaller benefit to man than the 
realization of the scheme of transmitting intelligence, or, 
perhaps, power, to any distance through the earth or 
environing medium, If this is at all possible, distance 
does not mean anything, Proper apparatas must first 
bve produced, by means of which the problem can be 
attacked, and T have devoted much thoaght to this sub- 
ject. Tam firmly convinced that it can be done, and 
hope that we shall live to see it done, 
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ON THE LIGHT PHENOMENA PRODUCED BY HIGH FRE 
QUENCY CURRENTS OF HIGH POTENTIAL, AND 
GENERAL REMARKS RELATING "To THE SUBJECT. 








Retuming now to the light effects, which it has been 
the chief object to investigate, it is thought proper to 
divide these effects into four classes: 1, Incandescence 
of a solid, 2. Phosphorescence, 3. Incandescence or 
phosphorescence of a rarefied gas: and, 4. Luminosity 
produced ina gasat ordinary pressure, The first question 
is, How are these luminous effects produced ? In order 
toanswer this question as satisfactorily as Iam able to 
do in the light of accepted views, and with theexperience 
acquired, and to add some interest to this demonstration, 
1 shall dwell here upon a feature which I consider of 
great importance, inasmuch as it promises, besides, to 
throw a better light apon the nature of most of the 
phenomena produced by high frequency electric currents 
T have on other occasions pointed out the great import: 
ance of the presence of the rarefied gus, or atomic 
‘mediam in general, around the conductor through which 
alternate currents of high frequeney are passed, as 
regards the eating of the conductor by the currents. 
“My experiments described some time ago have shown 
that the higher the frequency and potential difference of 
the currents, the more important becomes the rarefied 
25 in which the conductor is immersed, as a factor of 
the healing, The potential difference, however, i, a8 1 
thea pointed out, a more important element than the 
frequency. When both of thee ere sufficiently high 
the hestifg may be almost entirely due to the presence 
fof the rarefied gas. The experiments to follow will 
Show the importance of the rarefied gas, or generally of 
gas at ordinary or other pressure, as regards the incan- 
escence or other luminous effects produced by currents 
of this kind, 
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L take two ordinary fifty-voit sixteen candle power 
lamps which are in every respect alike, with the 
exception that one has been opened at the top and 
the air has filled the bulb, while the other is at the 
ordinary degree of exhaustion of commercial lamps 
When I attach the lamp which is exhausted to. the 
terminal of the secondary of the coil, which T have 
lea Fig. 152, 
for instance, and tum on the current, the filament, as 
you have before seen, comes to high incandescence. 
When I attach the second lamp, which is filled with 
air, instead of the former, the filament still glows, but 
much less brightly. This experiment illustrates only 
iv part the truth of the statements before made. The 
importance of the flament’s being immersed in rarefied 
gas is plainly noticeable, but not to such a degree as 
might be desirable. ‘The reason is that the secondary 
of this coil is wound for low tension, having only 150 
tums, and the potential difference at the terminals of 
the lamp is therefore small. Were I to take another 
coil with many more turns in the secondary, the effect 
would be increased, since it depends partially on the 
potential difference, as before remarked. But. since 
the effect likewise depends on the frequency, it may be 
properly stated that it depends on the time rate of 
mriation of the potential difference. The greater 
the more important becomes the gas 
fas an element of heating. I can produce a much 
greater rate of variation in another way, which, b 
has the advantage of doing away with the objections 
which might be made in the experiment just shown, 
even if both the lamps were connected in series or 
maltiple arc to the coil, namely, that in consequence 
of the reactions existing between the primary and 
secondary coil, the conclusions are rendered uncertain. 
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This result 1 secure by charging from an ordinary 
transformer, which is fed from the alternating current 
supply station, a battery of condensers, and. discharging 
the, latter divectly through a circuit of small self 
induction, as before illustrated in Figs. 192, 196, 19% 
In Figs. 220, 234 and 2c, the heavy copper 
my are connected to the opposite coatings of a battc 
of condensers, of. generally in such way that the bigh 
frequency or sudden discharges are made to traverse 
them, I connect first an ordinary fifty-volt incandescent 
lamp to the bars by means of the clamps ¢ ¢ The is: 

















being passed through the lamp, the filament 
Fendered incandescent, though the carrent through it is 
very small, and would got be nearly sufficient to pro- 
duce a visible effect under the conditions of ordinary use 
ff the lamp. Instead of this T now attach to the bars 
nother lamp exactly like the first, but with the seal broken 
off, the bulb being therefore filled with air at ordinary 
peesure, When the discharges are directed through 
the filament, as before, it does not become incandescent 
Tut the result might still be attributed to one of the 
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many possible reactions [therefore conn 
the lamps in multiple are, as illustrated in 
Passing the discharges through both the lamps, again 
the filament in the exhausted lamp / glows very brightly, 
while that in the non-extansted lamp /, remains dark, as 
previously. But it should not be thought that the 
lamp is taking only a small fraction of the ene: 
supplied to both the lamps; on the contrary, it may 
cconsumne a considerable portion of the energy, and it 
may become even hotter thin the one which burns 
brightly, In this experiment the potential difference at 
the terminals of the ies i 
three to four million ti The ends of the 
filaments are correspondingly electrified, and the gas in 
the bulls is violently agitated, and a large portion of th 
supplied energy is thus converted into heat. In the 
nonexhausted bulb there being a few million times 
‘more gs molecules tian in the exhausted one, the bom 
bardment, which is most violent at the ends of the 
filament, in the neck of the bulb, consumes a large por- 
tion of the energy without producing any visible effect. 
‘The reason is that, there being many molecules, the 
hombardment is quantitatively considerable, but ‘the 
individual impacts are not very violent. as the speeds of 
the molecules are comparatively small, owing to the small 
free path, In the exhausted bulb, on the contrary, the 
speeds are very great and the individual impacts are 
lent, and, therefore, better adapted to produce a 
ple effect. Resides, the convection of heat is greater 
in the former bulb. In both the bulbs the current trav- 
cersing the filaments is very small, incomparably smaller 
than that which they require on an ordinary low 
frequency circuit. The potential difference, however, 
at the ends of the filaments is very great, and might be 
possibly 20,000 volts, or more, if the filaments were 































































straight and their ends far apart. In the ordinary lamp 
‘a spark generally occurs between the ends of the fil 
ment, or between the platinum wires outside, before 
such a difference of potential can be reiched. 

Ii might be objected, in the experiment before shown, 
that the hmps being in multiple arc, the exhausted lamp 
might take a shuch Inger current, and that the effect 
observed might not be exactly attributable to the action 
of the gas in the bulbs. Such objections will lose much 
weight if I connect the lamps in series with the same 
result. When this is done and the discharges ar 
directed through the laments, it fs again noted that 0 
filament fn the non-eshausted bulb 2) remains dark, 
White thit in the exhausted one (2) glows even more 
intensely than under its vormal conditions of storing, 
Fig, 228. According to general ideas, the current 
through the filaments should nov be the same, were it 
not modified by the presence of the gas around the 
filaments. 

‘Ar this juncture [_may point out another interesting 
feature which illustrates the effect of the rate of change 
of potential of the currents, I will leave the two limps 
connected in series to the hars n, tas in the previous 
‘experiment. Fig. 226, but will presently reduce consider 
ably the frequency of the currents, which was excessive 
in the experiment just before shown, This I may do 
by inserting a selfinduction coil in the path of the 
discharges, or by augmenting the capacity of the 
conden: When [now pass these low-frequency 
discharges through the lamps, the exhausted lamp 
again is as bright as before, but it is noted also that the 
non-exhaused lamp 4 glows, though not quite as 
intensely as the other. Reducing the current through 
the lamps, | may bring the filament in the latter lamp 
ro redness, and, though the filament in the exhausted 
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lamp /is bright, Fig. 22¢, the degree of itsineandescence 
is much smaller than in Fig. 224, when the currents were 
‘of a much higher frequency 
In these experiments the gas acts in two opposite 
rays in derermining the degree of the incandescence of 
the filaments: that is, by convection and by hombard 
ment. The higher the frequency and potential of the 
currents, the more important becomes the hombardment. 
‘The convection, on the contrary, should be the smaller, 
the higher the frequency. When the currents are steady 
there is practically no bombardment, and convection 
‘may, therefore, with such currents, also considerably 
modify the degree of ineandescence, and produce restlts 
10 those just before shown. Thus, if two lamps, 
exactly alike, one exhausted and one not exhausted, are 
connected in multiple are or series to a direct current 
machine, the filament in the non-exhausted lamp will 
require @ considerably greater current to be rendered 
incandescent. This result is entirely due to convection, 
aand the eifect is the more prominent the thinner the 
filament, Professor Ayrton and Mr. Kilgour some ti 
ago published quantitative results concerning the thermal 
emissivity by radiation and convection, in which the 
cffcet of thin wires were clearly shown. This effect may 
be strikingly illustrated by preparing a number of small 
short glass tubes, each containing through its axis the 
thinnest obtainable platinum wire If these thes he 
highly exhausted, 2 number of them may be connected 
in maltiple arc to a direct current machine. and all of the 
wires may be kept at incandescence with a smaller cur 
rent than that required o render incandescent a single 
one of the wires if the tube be not exhausted, Could 
the tubes be so highly exhausted that convection would 
be aid, then the relative amounts of heat given off by 
convection and radiation coild be determined without 
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the difficulties attending thermal quantitative meas 
ments. If a source of electric impulses of high frequency 
and very high potential is employed, a still greater num- 
ber of the tubes may he taken. and the wires rendered 
incandescent by a current not capable of warming. per- 
ceptibly a wire of the same size immersed in air at 
ordinary pressure, and conveying the energy to all of 
them, 

T may here describe a result which is still more inter- 
esting, and to which T have been led by the cbservation 
of these phenomena T noted that small differences in 
the density of the air produced a considerable difference 
in the degree of incandescence of the wires, and: T 
thought that, since in a tube through which a luminous 
diseharge is passed the gas is generally not of uniform 
density, a very thin wire contained in the tube might be 
renilered incandescent at certain places of smaller den- 
sity of the gas, while i¢ would remain dark at the places 
of greater density, where the convection would be 
greater and the bombardment less intense. Accordingly, 
2 tube, ¢ was prepared, as illustrated in Fig, 23, which 
contained through the middle a very fine platinum wire, 
w. The tube was exhausted to a moderate degree, and 
it was fount that when it was attached to the terminal of 
a high frequeney coil the platinum wire « would indeed 
become incandescent in patches, as illustrated in Fig. 23. 
Later number of these tubes with one or more wires 
\were prepared, each showing this result. ‘The effect was 
best noted when the striated discharge occurred in the 
2, but was also produced when the striae: were not 
ble, showing that even then the sas in the tube was 
not of uniform density. The position of the stris was 
generally such that the rarefactions corresponied to the 
of incandescence or greater brightness on the wire 
Bat in a few instances it was noted that the bright 







































































spots on the wire were covered by the dense parts of the 
Striated discharge, as indicated by / in Fig. 23, though 
the effect was barely perceptible, ‘This was explained in 
4 plausible way by assuming that the convection was not 
Widely different in the dense and rarefied places, and that 
the bombardment was greater on the dense places 
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striated discharge. Tt is, in fact, often observed in bulbs 
that under certain conditions a thin wire is brought to 
hhigher incandescence when the air is not too highly 
rarefied, ‘This is the case when the potential of the coil 
is not high enough for the vacuum ; but the result may 
be attributed to many different causes. Tn all cases this, 








curious phenomenon of incandescence disappears when 
the tube, or, rather, the wire, acquires throughout a 
uniform temperature 

Disregarding, now, the modifying effect of con- 
vection, there are, then, two distinet causes which 
determine the incandescence of @ wire or filament with 
varying currents, that is, condaction current and bom- 
bardment. With steady currents we have to deal only 
with the former of these two causes, and th 
effect is a mi 








heating 
least to 








steady flow. When the current isa varying one, the 
ance is greater, and hence the heating effect is 
sed. ‘Thus, if the rate of change of the current 
great, the resistance may increase to such an 

nt that the filament is brought to incandescence 
with inappreciable currents, and we are able to take a 
short and thick block of carbon or other material and 
bring it to bright incandescence with a current incom- 
parably smaller than that required to bring to the same 
degree of incandescence an ordinary thin lamp filament 
with a steady or low frequency current. This result 
is important, and illustrates how rapidly our views on 
these subjects are changing, and how quickly our field 
of knowledge is extending. In the art of incandescent 
lighting, to view this result in one aspect only, it has 
been commonly considered as an essential requirement 
for practical success, that the lamp filament should be 
thin and of high resistance, But now we know that 
the resistance to the steady tow of the filament does 
not mean anything’; the filament might as well be short 
and thick ; for if it be immersed in rarefied gas it will 
become incandescent by the passage of a small current 
Tt all depends on the frequency and potential of the 
currents, We may conclude from this that it would 
be of advantage, so far as the lamp is considered, to 












































employ high frequencies for lighting, as they allow the 
tuse of short and thick filaments and smaller cucrents. 

If a wire or filament be immersed in a homo, 
medium, all the beating is due to true conduction cur- 
rent; but if it be enclosed in an exhausted vessel, the 
jrely different. Here the gas begins 
ating effect of the conduction current, 












conditions are € 





with that of the bombardment. This is 
pecially the case if the cireuit is not closed and the 

‘Suppose a fine filament 
el be conne 









potentials, 












enclosed in an exhausted 
of its ends to the terminal of a high tension coil 
with its other end to a large insulated plate. Tho 
the cizeuit is not closed, the filament, as I have before 
shown, is brought ta incandescence. If the frequency 
‘and potential be comparatively low, the filament is 
heated by the current passing rough it. If the fre- 
queney and potential, and principally the latter, be 
increased, the insulated plate need be but very small, or 
he done away with entirely, still the filament will 
hhecome incandescent, practically all the heat 
then due to the bombardment. A practical way of 
combining both the effects of conduction current and 
bombardment is illustrated in Fig, 24, in which an ordi- 
nary kimp is shown provided with a very thin filament, 
Which has one of the ends of the latter connected to a 
shade serving the purpose of the insulated plate, and the 
other end to the terminal of a high tension source, Tt 
should aot be thought that only rarefied g 

important factor in the heating of a conductor by 
ing currents, but gas at ordinary press 

important, if the potential difference ond frequency of 
the currents is excessive. On this subject I have already 
stated that when a conductor is fused by a stroke of 
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lightning, the current through it may be exceeding! 





not even sufficient to heat the conductor perce 





vere the latter immersed in. a homogeneous 


‘From the preceding itis lear that when a conductor 
of high resistance is connected to the terminals of 
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source of high frequency currents of high potential, 
there may occur consid 
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‘much smaller than through a section near the ends. 
Furthermore, the carrent passes principally through the 
‘outer portions of the conductor, but this effect is to be 
distinguished from the skin effect as ordinarily imter- 
preted, for the latter would or should occur also in a 
continuous incompressible medium. If a great many 
incandescent lamps are connected in series to a source 
fof such currents, the lamps at the ends may burn 
brightly, whereas those in the middle may remain 
entirely dark. This is due principally to bombardment, 
as before stated, But even if the currents be steady 
provided the difference of potential is very great, the 
Tamps at the ends will burn more brightly than those in 
the middle, In such ease, there is no rhythmical 
bombardment and the result is produced entirely by 
leakage. This leakage, or dissipation into space when 
the tension is high, is considerable when incandescent 
lamps are used, and still more considerable with arcs, 
for the latter act like flames. Generally, of course, 
‘the dissipation is much smaller with steady than with 
varying currents, 

T have contrived an experiment which illustrates in 
an interesting manner the effect of lateral diffusion, 
Ti a very long tube is attached to the terminal of a 
high frequency coil, the luminosity is greatest near the 
terminal, and falls off gradually towards the remiote end 
‘This is more marked if the tube is narrow. 

‘A small tube, about one-half inch ia- diameter and 
twelve inches long, Fig. 25, has one of its ends drawa 
cout into a fine fibre, f, nearly three feet long. tube 
is placed in a brass socket, T, which can be screwed on 
the terminal 1, of the induction coil. The discharge 
passing through the tube first illuminates the bottom of 
the same, which is of comparatively large section ; but 
through the long glass fibre the discharge cannot pass, 
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But gradually the rarefied gas inside becomes warmed and 
more conducting and the discharge spreads into the glass 
fibre. This spreading is so slow that it may take half a 
minute or niore until the discharge has worked through 
up to the top of the glass fibre, then presenting the 
appearance of a strongly luminous thin thread. By 
adjusting the potential at the terminal the light may be 
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made to travel upwards at any speed. Once, however, 
the glass fibre is heated, the discharge breaks through its 
entire length instantly. The interesting point to be 
noted is that the higher the frequency of the currents, 
or, in other words, the greater relatively the lateral dis- 
sipation, at a slower rate may the light be made to propa- 
gate through the fibre. This experiment is best per- 



































formed with @ highly exhausted and freshly made tube 
When the tube has been used for some time the exper’ 
ment often fails, It is possible that the gradual and 
slow impairment of the vacuum is the cause. This Sov 
propagation of the discharge through a very 
glass tube corresponds exactly to the py 
heat through a bar warmed at one end. The quicke 
the heat is carried away Taierally the Jonger time it will 
take for the heat to warm the remote ead. When the 
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current of a low frequency coll is passed through the 
fibre from end to end, then the lateral dissip 
small, and the discharge instantly breaks through, almost 
without exception. 

After these experiments and observations, whieh 
have shown the importance of the disvontinuity or 
atomic structure of the medium, and which will serve to 
explain, in a measure, at least, the nature of the four 
Kinds of light effects producible with these currents I 
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nay now give you an illustration of these eff For 





the sake of interest, I may do this ina manner which to 
many of you might be novel. You,have seen before 
hat we may How convey the electric vibration to a holy 
by means of a single wire or conductor of any kind, 
Since the human frame is conducting, T may convey 
the vibration through my body 

First, as in some previous experiments, I connect 
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my body with one of the terminals of ah 
in my hand an exhausted bulb 
which contains a small carbon button mounted upon a 
platinum wire leading to the outside of the bulb, and 
the button is rendered incandescent as soon as 
mer is set to work (Fig. 25). 1 may place a con- 
ducting shade on the bulb, which serves to intensify the 
itis not necessary. Nor is it required that 









































the button should be in conducting connection with the 
hand through a wire leading through the glass, for 
sufficient energy may be transmitted through the glass 
itself by inductive action to render the button in 
descent. 

Next, Lt 
strongly phosphorescent body, above whieh is mounted 
a small plate of aluminum on # platinum wire leading to 











fe a highly exhausted bulb containing 2 





the outside, and the currents flowing through my body 
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exeite intense phosphoresence in the bulb, Fig 27. 
Next . | take in my hand a simple exhausted tube 
and in the same manner the gas inside the tube is ren- 
dered highly incandescent or phosphorescent, Fig. 28. 
Pinally, I may take in my hand a wie, bare or covered 
With thick insulation, itis quite immaterial ; the electric 
vibration is so intense as to cover the wire with 
‘ous film, Fig. 29. 
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A few words must now be devoted to cach of these 
phenomena. Tn the p 
incandescence of a button or of a solid 





, I will consider the 





in general, and 
‘ich apply equally to all these 
phenomena, It was pointed out before that when a 
thin conductor, such as a lamp filament, for instane 
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is connected with one of its ends to the terminal of a 
transformer of high tension, the filament is brought to 
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incanfescence partly by a conduction current and partly 


by bombardment, The shorter and thicker the filament, 





the more important becomes the latter; and finally, 
tutto, all the heating 
lly be attributed to the bom 

in the experiment before shown, the button is rendered 
ble 
small bodies in the bulb, ‘These bodies may be the 





reducing the filament 
must practi 











ment, So 





incandescent by the rhythmical impact of freely mo 
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molecules of the fesidual gas, particles of dust, or lumps 
torn from the electrode; whatever they are, it is certain 


when maintained a certain length of time at inean- 
descence. This is necessary consequence of the fact 








that the heating of the button is essentially connected 
with the pressure of such freely movable particles, or of 
atomic matter in general, in the bulb. ‘The heating is 
re intense the greater the number of impacts per 
second and the greater the energy of each impact. Yet 
the button would also be h 
to a source of a steady potential. In such a case 
electricity would be catried away from the button hy 
the frecly movable carriers or particles flying about, 
and the quantity of electricity thus earried away might 
he sufficient to bring the button to ineandesoence by 
its passage through the latter. But the bombardment 
could not be of great importance in such case. For 
t would require a comparatively very great 
supply of energy to the button to maintain it at incan- 
descence with a steady potential. The higher the 
frequency of the electric impulses, the more econom> 
ically can the button be maintained at incendesoence, 
‘One of the chief reasons why this-is so is, I believe, 
that with impulses of very high frequency there is less 
exchange of the freely movable carriers around the 
electrode, and this means that in the bulb the heated 
matter is better confined to the neighboriood of 
the button, If a double bulb/ as illustrated in Fig. 
30. be made, comprising a large globe, x, and a 
Small one, 4 each containing, as usual, a filament, /, 
mounted on a platinum wire, w and zw,, itis found that 
the filaments /f be exactly alike it requires less 
‘energy to keep the filament in the globe é at a certain 
degree of incandeseence than that in the large globe ». 
‘This is duc to the confinement of the movable particles 
around the button. In this ease, it is also ascertained 
that the filsment in the small globe 4 is Tess deteriorated 








ed if it were connected 
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that the gus in the stall balb becomes strongly heated, 
and, therefore, a very good conductor, and less work is 
then performed on the button, since the bombardment 
becomes less intense as the conductivity of the gas 
increases. In this construction, of course, the small 
bulb becomes very hot, and when it reaches an elevated 
temperature, the convection and radiation on the outside 
increase. On another oceasion I have shown bulbs in 
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which this drawback was largely avoided. In these 
instances a very small bulb, containing a refractory but- 
ton, was mounted in a large globe, and the space 
between the walls of both was highly exhausted. The 
outer large globe remained comparatively cool in such 
constructions. When the large globe was on the pump 
and the vacuum between the walls maintained per- 
manent by the continuous aetion of the pump. the outer 
globe would remain quite cold, while the button in the 
small bulb was kept at incandescence. But when the 























seal was macle, and the button in the small bully main- 
tained incandescent some length of time, the large 
globe, too, would become warmed. From this I con- 
jJecture that if vacuous space (as Prof. Dewar finds) cannot 
convey heat, it is so merely in virtue of our rapid 
motion through space, or, generally speaking, by the 
motion of the medium relatively to us, for a permanent 
condition could not be maintained without the medium 
being constantly renewed, A vacuum cannot, according 
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to all evidence, be permanently maintained around a hot 
body. : 
In these constructions, before mentioned, the small 
bulb inside would, at least in the first stages, prevent all 
bombardment against the outer, large globe, It 
occurred to me then to ascertain how a metal sieve 
would behave in this respect, and several bulbs, as illus- 
trated in Fig. 31, were prepared for this purpose. In 
a giobe 4, was mounted a thin filament (or button), 7, 
upon a platinum wire, w, passing through a glass stem 
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and leading to the outside of the globe. The flament 
(fas survounded by a metal sieve, s. It was found 
experiments with such bulbs that.a sieve with wide 
meshes apparently did not in the slightest affect the 
bombardment ageinst the globe, & When the vacuum 
yas high the shadow of the sieve was clearly projected 
against the globe, and the latter would get hot in a short 
while, In some bulbs the sieve, s, was connected to a 
platinum wire sealed in the glass. When this wire was 
connected to the other terminal of the induction coil 
the F. w. ¥. being kept low in this ease), or to an insi- 
lated. plate, the bombardment against the outer globe, 2 
was diminished. By taking a sieve with fine meshes the 
bombardment against the globe, #, wasalways diminished; 
but, even then, if the exhaustion was carried very far, and 
when the potential of the transformer was very high, the 
lobe, 4, would he bembarded and heated quickly, though 
no shadow of the sieve was visible, owing to the small- 
ness of the meshes But a giass tube or other con- 
tinuous body mounted so as to surround the filament, did 
entirely cut off the bombardment, and for a while the 
outer globe, 6, would remain perfectly cold, Of course, 
when the glass tube was sufficiently heated, the bom- 
bardment against the outer globe could be noted at 
once, ‘The experiments with these bulbs se 
that the speeds of the projected molecules or particles 
must be considerable (though quite insignificant when 
compared with that of light), otherwise it would be 
difficult to understand how they could traverse a fine 
metal sieve without being affected, unless it were found 
that such small particles or atoms cannot be acted upon 
directly at measurable distances In regaril to the speed 
fof the projected atoms, Lord Kelvin has recently 
estimated it at about one kilometre a second, or there- 
abouts, in wry Crookes bulb, As the potentials 
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obtainable with a disruptive discharge coil are much 
higher than with ordinary coils, the speeds must, of 
course, be much greater when the bulbs are lighted 
from such a coil, Assuming the sperd to be as high as 
five kilometres and uuiform through the whole trajec- 
tory, as it should be in a very highly exhausted vessel, 
then ifthe alternate electrifications of the dectrode 
would be of a frequency of five million, the greatest dis- 
\ce a particle could get away from the electrode would 
hhe one millimetre, and if it could be acted upon directly 
at that distance, the exchange of electrode matter or of 
the atoms would be very slow, and there would be prac- 
tically no bombardment against the bulb. This, at least, 
should he so, if the action of an electrode upon the 
‘atoms of the residual gas would be such as upon electri- 
fied bodies which we ean perceive. A hot body enclosed 
in an exhausted bulb produces always atomatic bom- 
hrardment; but a hot body has no definite shythm, for its 
molecules perform vibrations of all kinds, 

If a bulb containing a button or filament be 
exhausted as high as is possible with the greatest care 
and by the use of the best artifices, it is often observed 
that the discharge cannot, at first, break through; but 
after some time, probably in consequence of some 
changes within the bulb, the discharge finally passes 
through and the button is rendered incandescent. In 
fact, it appears that the higher the degree of exhaustion, 
the easier is the incandescence produced. There seem 
to be no other causes to which the incandescence might 
be attributed in such ease, except to the bombardment 
or similar action of the residual ges, or of pay 
matter in general, But if the bulb be exbiausted with 
the greatest care, ean. these play an important part ? 
‘Assume the vacutim in the bulb to be tolerably perfect, 
the great interest then centres in the question : Is the 






































inedium which pervades all space continuous or atomic? 
If atomic, then the ‘of a conducting button or 
filament in an exhausted vessel might be due largely to 
ether bombardment, and then the heating of a conductor 
in general through which currents of high frequency or 
high potential are passed must he modified by the 
behavior of such medium ; then, also, the skin effect, the 
apparent increase of the ohmic resistance, etc., admit, 
partially, at least, of a different explanation, 

It is certainly more in accordance with many 
phenomena observed with high frequency currents to 
hold that all space is pervaded with free atoms, rather 
than to xssume that it is devoid of these, and dark and 
cold, for so it must be, if filled with a continuous 
medium, since in such there can bencither heat nor light. 
Js, then, energy transmitted by independent carriers or 
by the vibration of a continuous medium? ‘This im- 
portant question is by no means as yet positively 
answered, But most of the effects which are here 
considered, especially the light effects, incandescence oF 
phesphorescence, involve the presence of free atoms, and 
would be impossible without these, 

In regard to the incandescence of a refractory butt 
(or filament) in an exhausted receiver, which hes been one 
Of the subjects of this investigation, the ch 
‘which may serve as a guide in constructing sucl bulbs, 
may be summed up as follows: 1. The bution should be 
as small as possible, spherical, of a smooth or polished 
surface and of refractory material, which wi 
evaporation best, 2. The support of the button should 
be very thin and sereened by an aluminum and mica 
sheet, as T have described on another occasion. 3. The 
exhaustion of the bulb should be as high as possible, 
4. The frequency of the eusrents should be as high as 
practicable. 5. ‘The carrents should be of a harmonic 
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vise and fall, without sudden interruptions. 6 The heat 
Should be confined to the button by enclosing the same 
in a small bulb, or otherwise, 7. The space between the 
wails of the small bulb and the outer globe should be 
hnighly exhausted 

Most of the considerations just considered wi 
apply to the incandeseence of a solid, may likewise be 
applied to phosphorescence. Indeed, in_an exhausted 
‘easel the phosphorescence is, as arule, primarily excited 
by the powerful beating of the electrode stream of atoms 
against the phosphorescent body. Even in many cases 
where there is no evidence of such a bombardment, T 
think that phosphorescence is excited by violent impact 
‘of atoms which are not necessarily thrown off from the 
‘dectrode, but are acted upon from the same inductively, 
through the medium or through chains of other atoms 
“That mechanical shocks play an important part in exci 
ing phosphorescence in a bulb, may be seen from the 
following experiment: Tf a bulb, constructed as that 
iMtastrated in Fig, 10, be taken, and exhausted with the 
dqreatest care so that the discharge eannot pass, the fk 
fhent, 7, acts by lecirostatie induetion upon the tube 
sand the latter is set in vibration. If the tube, 
bbe rather wide, about an inch or so, the filament may 
Tre gv powerfully vibrated that whenever it hits the lass 
tube it excites phosphorescence. But the pbosphores- 
Genco conser sthen the flament comes to rest. The 
Vibration ean be arrested and again started by vary 
the frequency of the currents; namely, the filament has 
‘ewn period of vibration, and if the frequency of the 
ccorrents i such that there is resonance, it is set easily 
vibrating, though the potential of the currents be ‘small, 
T have often observed that the filament in the bulb is 
cestroyed by such mechanical resonance. The filament 
vibrates, as a rule, so rapidly that it cannot be seen, and 
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the experimenter may at first be mystified, When such 
‘an experiment as the one described is carefully per- 
formed, the potential of the currents need be extremely 
smnall, and for this reason I infer that the phosphores 
‘cence is then due to the mechanical shock of the filament 
against the giass, just as it is produced by striking a loat 
of sugar with a knife. The mechanical suoek produced 
by the projected atoms is easily noted when a bulb con- 
taining a button is grasped in the hand and. the current 
turned on suddenly, I believe that a bulb could be 
shattcred by observing the conditions of resonance, 

In the experiment before cited itis, of course, open 
to say that the'glass tube, upon comming in contract with 
the filament, retains a charge of a certain sign upon the 
point of contact. If, now, the filament again touches 
the glass at the same point while it is oppositely charged, 
the charges equalize under evolution of light. But 
nothing of importance would be gained by such an 
explanation. It is unquestionable that the initial changes 
given to the atoms or to the glass play some part in 
exciting phosphorescence. So, for instance, if a phos 
phorescent bulb be first excited by a high frequency coil 
by connecting it to one of the terminals of the latter, and 
the degree of luminosity noted ; and then the bulb be 
highly charged from a Holtz machine by attaching it 
preferably to the positive terminal of the machine, it is 
found that when the bulb is again connected to the 
terminal of the high frequency coil, the phosphorescence 
is far more intense, On another occasion, I have con- 
sidered the possibility of some phosphorescent phenomena 
in bulbs being produced by the incandescence of an 
infinitesimal layer on the surface of the phosphorescent 

Certainly, the impacts of the atoms are powerful 
enough to produce intense incandescence by the 
collisions, since they bring quickly to a high temperature 
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a body of considerable bulk, If any such effet exists 
shen che best appliance which we know so far, for pro- 
tivcing plonphoreseence in a bulb, isa disruptive discharge 
Gail iting sn enormous potental with but fv fund 
“seo per second, just enough 

. itis 


mental discharges, § 
to produee a continuous impression upon the « 
a fact that such coil excites phosphores 

a oat any condition and at all dagrees of exhaustion, and 
Thave observed effects which appear to be due to phos 
orescence even at ordinary pressures ofthe aumesD AST 
ice the potentials are extremely high. But it phos, 
Fhorescent Fight is produced by the equalization of 
Mharges of eleotrified atoms (whatever this may met 
<Himately), then the higher the frequency of the 
impulses oralternateclectrifications the more seonomiea 
arate the light production. Tt is a long known and 
wireworthy fact that all the phosphorescent bodies are 
poor conductors of electricity and heat, and that all 
Parties cease to emit prospliorescent Tight when they 
tre brought to a certain temperature, | Conductors, O° 
he contrary, do not possess this quality. ‘There are but 
fon exceptions to thi: rule. Carbon iz one of them, 
TBeoquerel noted that carbon phosphorssoss att 
a elevated temperature preceding the dark, red. 
Tis phenomenon may be easily observed in bulbs 
provided with rather Tnrge carbon electrode (Say 
ere of six milimetres diameter). If the eure 
PMmrned on after a few seconds a snow white film 
‘srs the electrode just before it gets dark red. 
Similar effects are noted with other conducting bodies, 
Tut many seientifie men will probably not attribute them 
ty ene phosphorescence. Whether true incandsscory 

has anything to do with phosphorescence, excited by 
wes aie impact or mechanical shocks, sill remains to be 
Tedded; but it isa fact that all conditions which tend, 
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‘to localize and increase the heating effect at the point of 
Impact, are almost invariably the most favorable for the 
production of phosphorescence. So, if the electrode be 
very small, which is equivalent to saying, in general, that 
the electric density is great; if the potential be bigh, 
and if the gas be highly rarefied—all of which things 
‘imply high speed of the projected atoms or matter, and, 
consequently, violent impacts—the phosphorescence is 
very intense. If bulb, provided with a large and small 
Uectrode, be attached to the terminal of an induction 
Col, the small electrode excites phosphorescenee, while 
the large one may not do so because of the smaller elec- 
tric density, and hence smaller speed of the atoms A 
bulb provided with a lange electrode may be grasped 
with the hand while the electrode is connested to the 
terminal of the coil and it may not phosphores 
if, instead of grasping the bulb with the band, the same 
tie touched with a pointed wire, the phosphorescence at 
fonce spreads through the bulb, because of the great 
density at the point of contact. With low frequencies 
jraceins tlat gases of great atomic weight excite more 
intense phosphorescence than those of smaller weight, 
fs, for instance, hydrogen. With high frequencies the 
Ghservations are not sufficiently reliable to draw a con- 
Clusion, Oxygen, as is well known, produces exeeption- 
ally strong effects, which may be in part due to chemical 
Setion, A bulb with hydrogen residue seems to be most 
casily excited. Electrodes which are most easily deteri- 
‘erated produce more intense phosphorescence in bulbs 
but the condition is not permanent, because of the impait 
ing of the vacuum and the deposition of the electrode 
‘matter upon the phospMbrescent surfaces. Some liquids, 

cis, for instance, produce magnificent effects of phos- 
phorescence (or fluorescence ?), but they last only a few 
Keconds, So if a bulb have 2 trace of oil on the walls, 



































and the current is turned on, the phosphorescence only 
persists for a few moments, itil the oll i carried. avi 
Py all bodies so far tried, sulphide of zinc seems to be 
the most susceptible to phosphorescence. Some samples, 
Obtained through the kindness of Prof. Henry, in Paris, 
‘were employed in many of these bulbs, One of the 
Uctecs of this sulphide is that it loses its quality of 
tinting Hight when brought toa temperature which is 
yo means high. Tt can, therefore, be used only for 
feeble intensities. An observation which might deserve 
hotice is that when violently bombarded from an 
assumes a black color; but, sin- 
galarly enough, it returns to the origiral condition when 
it cools down, 

‘The most important fact arrived at in pursving 
avestigations in this direction is, that in all eases it is 
Toorssary, in order to excite phosphorescence with = 
‘Minimum amount of energy, to observe certain condi- 














aluminum electrode 








Hons: namely, there is always, no matter what the 


frequency of the currents, degree of exhaystion and 
Ghaacter of the bodies in the bulb, a certain potential 
‘suming the bulb excited {rom one terminal), oF 
potental difference (assuming the bulb to be excite! 
peth both terminals) which produces the most economi+ 
Sal result, If the potential be increased, considerable 
cnergy may be wasted withost producing any more 
Fight and if tbe diminished, then, agi, the Tit 
‘ection is not so. economical. ‘The exact condition 
under which the best result is obtained seems to depend 
fon many things of a different nature, and it is 10 be yet 
tvesigated by other experimenters; butt will certainly 
have to be observed when sich phosphorescent bulbs are 
operated, if the best reslts are to be attained. 

Coming now to the most interesting of these phe 
‘nomena, the incandescence or phosphorescence of gases 
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at low pressure or at the ordinary pressure of the atmos 
phere, we must seek the explanation of these phenomena 
Ja the eame primary causes; that is, in shocks or impacts 
of the atoms, Just as molecules or atoms beating upon 
{solid body excite phosphorescence in the same, oF 
tender it incandescent, so when colliding among them- 
Selves they produce similar phenomena, But this is a 
very insufficient explanation, and concerns only the erude 
Tneehanism, Light is produced by vibrations, which go 
ton at a rate almost inconceivable, If we compute from 
the energy contained in the form of known radiations in 
fi definite space the force which is necessary to set UP 
Such rapid vibrations, we find that though the density 
of the ether be incomparably smaller than that of any 
ody we know, even hyttragen, the foree is something 
surpassing comprehension, What is this fore, which, 
mechanical measure, may amount to thousznds of tons 
per square inch? Ij elecrostaie force in the Tight of 
Modern views, Iv is impossible to conceive how a body 
Of measurable dimensions could be charged to so high a 
potential that the force would he suficent to produce 
these vibrations Long before any such charge coulll be 
imparted to the body it would be shattered into atoms 
Tight and heat, and so does an ordinary 

fame or ineandescent filament: but in neither of these 
‘ean the force be accounted for if it be assumed that itis 
Jed with the body asa whole. Only in one way 
count for it, namely, by identifying it with the 
Stom, An atom ig go small that if it be charged by 
weaning in contact with an electrified body, and the 
Shara be assumed to follow the same law as in the case 
Sf bodies of measurable dimensions, it must retain a 
‘quantity of electricity which is fully capable of account 
ing for these forces and tremendous rates of vibration 
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Bat the atom behaves singularly in this respe 
takes the sime * charge. 

Tis very likely that resonant vibration plays a most 
important part in all manifestations of energy in natur 
‘Throughout space all matter and all rates of 
vibration are represented, from the lowest musical note 
to the highest pitch of the chemical rays; hence an atom, 

ex of atoms, no matter what its period, must 
vibration with which it is in resonance, When 
der the enormous rapidity of the Tight vibra- 
We realize the impossibility of producing sich 

8 divcetly Ww 

dimensions, and we are driven to the only possible 
means of attaining the object of setting up waves of 
light by lectrical means andl economically ; that is, to 
aifect the molecules or atoms of a gas, to cause them to 
collide and vibrate. We then mustask ourselves: How 
‘ean free molecules or atoms be alfected ? 

It isa fact that they can be affected by electrostatic 
force, as is apparent in many of these experiments. By 
varying the electrostatic force we cin agitate the atoms, 
and cause them to collide under evolution of heat and 
light. It is not demonstrated beyond boubt that we can 
affect them otherwise. If a luminous cischarge is pro- 
duced in a closed exliausted tube, do the atoms arrange 
themselves in obedience to any other but to electrostatic 
force acting in straight lines from atom to atom? Only 
recently I investigated the mutual action between two 
Greaits with extreme rates of vibration, When a 
battery of a few jars (¢ ¢ ¢ ¢ Fig. 32) is discharged 
through a primary, #, of low resistance (the connections 
being as illustrated in Figs. 199, 194, and 13¢), and the 
frequency of vibration be many million, there are great 
differences of potential between points on the primary 
not more than a few inches apart. ‘These differences may 
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be 1000 volts per ich, if not more, taking the max- 
mum value of the electromotive force. The secondary, s, 
therefore acted upon by electrostatic induction, which is, 
in such extreme cases, of much greater importance than 
the electrodynamie, To such sudden impulses the 
primary, as well as the secondary, are poor conductors, 
and therefore great differences of potential may be pro- 
duced by electrostatic induction between adjacent points 
fon the secondary. ‘Then sparks may jump between the 
wires and streamers become visible in the dark, if the 
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light of the discharge through the spark gap d @ be 
carefully excluded. If, now, we substitute a closed 
vacuum tube for the metallic secondary s, the differences 
Of potential produced in the tube by electrostatic indue- 
jon from the primury are fully sufficient to excite 
portions of it; but as the points of certain differences 
‘of potential on the primary are not fixed, but are genet- 
ally constantly changing in position, a luminous band 
is produced in the tube, apparently not touching the 
it should if the points of maximum and mini- 









































‘mum differences of potential were fixed on the primary. 
1 do not exclude the possiiity of such a tube being 
excited only hy electro-ynamie inductio 
physicists hold this view ; but, in my opinion, there is as 
yet no positive proof given that atoms of a gas in a 
‘losed tube may arrange themselves in cheins under the 
action of an electromotive impulse produced by electro- 
dynamic induction in the tube. T have been unable 
s0 far to produce strice 
at whatever degree of exhaustion; that is, strie at right 
angles to the supposed direction of the discharge or the 
axis of the tube; but I have distinctly observed in a 
large tnlb, in which a wide luminous band was pro 
duced by passing a discharge of a battery through a 
wire surrounding the bulb, a circle of fecble luminosity 
between two luminous bands, one of which was more 
intense than the other. Furthermore, with my present 
experience, [do not think that such a gas discharge in a 
closed tube can vibrate; that is, vibrate as a whole, 1 
am convinced that no discharge through a gas cati 
vibrate, The atoms of gas behave very curiowsly in 
respect to sudden electric impulses. The gas does not 
scem to possess any appreciable inertia to such impulses; 
for it is a fect, that the higher the frequency of the 
impulses, with the greater freedom does the discharge 
pass through the gas If the gas possesses no inertia, 
then it cannot vibrate, for some inertia is necessary for 
the free vibration. I conclude from this that if « light 
ning discharge occurs between" two clouds, there can be 
no oscillation, such as would be expected, considering the 
capacity of the clouds. But if the lightning discharge 
sttike the earth, there is always vibration—in the earth, 
but not in the cloud. In a ges discharge exch atom 
vibrates at its own rate, but there is no vibration of the 
conducting gaseous mass asa whole This is an import. 
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a tube, however Tong, and 







































ant consideration in the great problem of producing 
light economically, for it teaches us that to reach this 
result we must use impulses of very high frequency and 
necesarily also of high potential, It is a fact that 
oxygen produces a more intense light in a tube, It is 
because oxygen atoms possess some inertia and the vibra- 
tion does not die out instantly? But then nitrogen should 
be as good as, and chlorine and vapors of many other 
badies much better than, oxygen, unless the magnetic 
properties of the latter enter prominently into. play. 
Or is the process in the tube of an electrolytic nature ? 
Many observations certainly speak for it, the most 
important being, that matter is always carried away 
from the electrodes and the vacuum i a bull cannot be 
permanently maintained, If such process takes place 
in reality, then, again, must we take refuge to high 
frequencies, for with such, electrolytic action should be 
educed to a minimum, if not rendered entirely impos- 
ble. It is an undeniable fact that with very high 
frequencies, provided the impulses be of a harmonic 
attire, like those obtained from an alternator, there is 
less deterioration and the vacua are more permanent 
With disruptive discharge colls there are sudden rises of 
potential and the vacua are more quickly iinpaired, for 
the electroiles sue deteriorated in a very short time, It 
was observed in some large tubes, which were provided 
with heavy carbon blocks » 2), connected to platinum 
wires w a (as illustrated in. Fig. 33). and which were 
employed in experiments with the disruptive discharge 
instead of the ordinary air gap, that the carbon particles, 
under the action of the powerful magnetic field in which 
the tube was placed, were deposited in regular fine lines 
in the middle of the tube, as illustrated. These lines 
‘were attributed to the deflection or distortion of the 
discharge by the magnetic field; but why the deposit 













































occurred principally where the field was most intense did 





appear quite clea, A fact of interest, likewise 





noted, was that the presence of a strong magnetic field 
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reason of the rapid interruptions it pro! 
here is actually a h 








ween the cleetre 
Much 
ffects produced in gases at low or ordinary press 
With the present experiences before us we cann 
that the essential nature of these charming phenomena 
known, But investigations 





remain 10 bout the luminous 




















jon are being pushed with exceptional ardor. Every 
line of scientific pursuit has its fascinations; bat electrical 
investigation appears to possess a peculiar attraction, for 


there is no experiment or observation of any kind in the 








domain of this wonderful science which ‘would not 
forcibly appeal to us. Yet to me ie seems that of all 





rclous things we observe, a vacuum tube, 





excited by an electric impulse from a distance sour 
bursting forth out of the dorknes: and illuminating the 


-oom with its beautiful light, is as lovely a phenomenon 





as can greet our eyes. More interesting still it appears 


when, reducing the fundamental discharges across. the 





> to a very sm ving the tube about, 
Kinds of designs in luminous lines. So, 


| number, and 











by way of amusement, T take a straight long tube, or @ 
square one, or a square attached to a straight tube, and 
bby whirling them about ia the hand, I imitate the spokes 
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of a wheel, a Gramme winding, a drum winding, an 
alternate current motor winding, ete. (Fig. 34). Viewed 
from a distance the effect is weak and much of its beauty 


ing near or holding the tube in the hand 








‘one cannot resist its eharm, 





In presenting these insignificant results T have not 
attempted to arrange and co-ordinate them as would be 
proper in a stricily scientific investigation, in which every 
succeeding result should be a logical sequence of the 
preceding, so that it might be guessed in advance by 
the careful reader or attentive listener. I have preferred 
to concentrate my energies chiefly upon advancing novel 
facts or ideas which might serve as suggestions to others, 
and this may serve as an excuse for the lack of harmony. 
‘The explanations of the phenomena have been given in 
‘good faith and in the spirit of a student prepared to find 
that they admit of a better interpretation. ‘There ean be 
‘96 rect: berin ina seadont taking: on erroneous: view, 
but when great minds err, the world must dearly pay 
for their mistakes, 
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